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PREFACE 


TO    THE    riEST  EDITION. 


Among  the  many  recent  and  valuable  works  on  Che- 
mistry, I  am  not  aware  of  one  having  for  its  special  object 
to  explain,  and  render  simple  to  the  beginner,  the  various 
processes  employed  in  analysis,  or  which  bave  been  devised 
for  the  iUustration  of  the  principles  of  the  Science.  Most 
of  them  contain  much  that  is  superfluous  for  the  general 
student,  who  has  but  a  limite^  'time  to  devote  to  the 
subject;  while  they  are  wanting  in  those  explanatory 
details,  without  which  he  must  often  fail  to  understand 
the  rationale  of  the  operations  through  which  he  is 
conducted. 

It  is  with  a  wish  to  supply  this  deficiency,  and  at  the 
same  time  to  furnish  a  text-book  for  my  own  classes,  that 
the  present  Httle  work  has  been  written;  and  as  it  is 
intended  for  the  use  of  those  who  have  made  but  Uttle 
progress  in  the  Science,  my  endeavour  has  been,  through- 
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out,  to  make  everytliing  as  simple  and  intelligible  as 
possible.  The  employment  of  complicated  or  expensive 
apparatus  bas  been  almost  wbolly  avoided. 

The  outline  of  most  of  the  First  Part  was  arranged 
some  years  ago  by  my  Mend  Professor  Miller  (at  that 
time  Demonstrator  of  Chemistry  in  King's  College),  for 
the  use  and  direction  of  the  class  of  Chemical  Manipula- 
tion, then  first  established  to  supply  a  growing  demand, 
and  to  meet  the  requirements  of  the  "University  of  London, 
and  some  of  the  other  examining  Boards  of  the  Metropolis. 
In  the  compilation  of  the  Second  and  Third  Parts,  I  have 
been  much  indebted  to  the  excellent  works  of  Eose, 
Fresenius,  ParneU,  and  others ;  I  must  also  here  thank 
my  colleague,  whose  name  I  have  aheady  mentioned,  for 
many  valuable  suggestions,  and  for  his  kindness  in  revising 
the  proof  sheets,  without  which  assistance  many  errors 
would  have  crept  in,  and  rendered  the  book  less  worthy  of 
the  student's  confidence. 

JOHN  E.  BOWMAN. 

King's  College,  Londoit, 
September,  1848. 


PREFACE 


TO    THE    SECOND  EDITTON. 


In  the  present  Edition,  I  have  endeavoured,  as  far  as 
possible,  to  make  this  little  work  more  fully  adapted  to  the 
requirements  of  the  general  student ;  and  I  believe  it  now 
leaves  little  to  be  desired  as  an  Introductory  Text-book  of 
Practical  Chemistry.  I  have  also,  without  adding  materially 
to  its  bulk,  embodied  such  changes  and  corrections  as  have 
been  rendered  necessary  by  the  progress  of  the  science  since 
the  first  edition  was  published. 

J.  E.  BOWMAI^. 

King's  College,  London, 
February,  1854. 
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PAET  I. 


CHAPTEE  I. 


INTRODUCTOKY — SYMBOLS  —  EQUATIONS  —  GENERAL  RULES. 


1.  So  essentially  is  chemistry  an  experimental  science, 
and  so  almost  exclusively  is  it  buUt  up  of  facts  which  have 
been  elucidated  by  experiment,  that  without  experimental 
illustrations  it  would  be  quite  impossible  to  teach  or  to 
study  it  with  any  great  amount  of  success.  It  is  not 
enough,  however,  for  the  student  to  see  experiments  per- 
formed by  others;  he  must,  if  he  would  master  even  the 
general  principles  of  chemistry,  learn  to  make  experiments 
himself;  and  he  wUl,  probably,  be  surprised  how  much 
more  easily  he  will  retain  in  his  recollection  those  pheno- 
mena (as  well  as  the  principles  they  illustrate)  which  his 
own  hands  have  been  the  means  of  producing.  This  is 
especially  the  case  when  he  is  enabled,  while  operating  in 
the  laboratory,  to  learn  and  study  the  theory  of  the  changes 
which  take  place  under  his  direction. 

2.  "With  the  view  of  enabUng  the  beginner  to  do  this  as 
much  as  possible,  I  have  in  the  following  pages  explained, 
by  means  of  chemical  symbols  and  equations,  nearly  the 
whole  of  the  changes  and  decompositions  which  take  place 
m  the  experiments  described.  The  symbols  which  I  have 
made  use  of  are  those  now  almost  universally  adopted  by 
chemists;  and  it  will  be  seen  by  the  foUowmg  Table  that 
tliey  consist,  for  the  most  part,  of  the  first  letter  or  two 
letters  of  the  Latm  names  of  the  elements  which  thev 
express. 
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SYMBOLS  AND  EQUIVALENTS. 


Table  of  Elementary  Substances  {arranged  aljpTiabetically), 
slioioing  tJieir  symbols,  atomic  doeights,  and  the  composi- 
tion of  some  of  their  compounds. 


Name. 

Symbol. 

Atomic 
Weight. 

Compounds. 

Al 

14 

f  AlnOo  Aliiminn 

■<  AI2CI3  Cliloride  of  aluminum. 

LAljOgiBSOs  Sulphate  of  alumina. 

Antimony   

Sb 

129 

r  SbOj  0.xide  of  antimony. 
■<  Sb04  Antimonious  acid. 
1.  SbOs  Antimonic  acid. 

As 

75 

r  ASO3  Ai-senious  acid. 
\  AsOs  Arsenic  acid. 

Barium   

Ba 

69 

r  BaO  Baryta. 

1  BaCl  Cliloride  of  Barium. 

Bi 

107 

CBi.>03  Oxide  of  bismuth. 
<  BUOj.SNOa  Nitrate  of  bismuth. 
|.Bi2Cl3  Chloride  of  bismuth. 

Boron 

B 

11 

BO3  Boracic  acid. 

Bromine  

Br 

78 

c  JiyD~  Rrnmip  noifl 

I  HBr  Hydrobromic  acid. 

Cd 

56 

r  CdO  Oxide  of  cadmium. 

1  raff's  Siilnlii()p  nf  psiHmiiiTTi 

I,  V>Uo    OUlUlilUC  yJh  L>aiUX.iiiuiix> 

Ca 

20 

r  CaO  Lime. 

1  OftPl  f^lilnviflp  nf  ralriiim 

C 

6 

r  CO  Carbonic  oxide. 
<  CO2  Carbonic  acid. 

1.  CS.i  Sulphide  of  carbon. 

Ce 

46 

/  CeO  Oxide  of  cerium. 

i  Ce203  Sesquioxide  of  cerium. 

CI 

36 

1  viu^  i^^nioric  acici. 
■<  CIO7  Perohloi-ic  acid. 

LHGI  Hydrochloric  acid. 

Cr 

28 

r  CrOs  Chromic  acid. 

<  Cr.>03  Oxide  of  chromium. 

LCr.203,3S03  Sulphate  of  chromium 

Co 

30 

rCoO  Oxide  of  cobalt. 

X  C02O3  Sesquio.xide  of  cobalt. 

Cu 

32 

f  CU2O  Suboxide  of  copper. 
<  Cub  Black  oxide  of  copper. 

(Cuprum.) 

(.CuO.SOa  Sulphate  of  copper. 

Didymium  

D 

F 

? 
18 

y 

r  HP  Hydrofluoric  acid. 
l-BFa  Kluoborie  acid. 

G 

7  (?) 

f  GOe  Glucina. 

l  GClc  Chloride  of  ghicinum. 

SYMBOLS  AND  EQUIVALENTS. 
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Name. 

Symbol. 

1 

I  Atomic 
"Weight. 

Compounds. 

Gold  

Au 

200 

f  AuO  O.xide  of  gold. 

<  AuOa  Tero.xide  of  gold. 

L  AuCls  Terchloride  of  gold. 

(Aurum.) 

H 

1 

r  HO  (or  Aq)  Water. 

l  iiOj  Binoxide  of  hydrogen. 

I 

126 

/  IO5  Iodic  acid. 

l  HI  Hydi'iodic  acid. 

Ir 

99 

/  IrO  Pi'otoxide  of  iridium, 
l  IroOg  Sesquioxide  of  iron. 

Iron   

Fe 

28 

/  FeO  Protoxide  of  iron. 

(Ferrum.) 

L  Fe203  Sesquioxide  of  iron. 

Lanthanum  . 

Ln 

48 

LnO  Oxide  of  lanthanum. 

Lead  

Pb 

104 

fPbO  Protoxide  of  lead. 
\  PbsO.,  Red  oxide  of  lead. 
LPbCl  Chloride  of  lead. 

(Plumbum) 

Li 

7 

f  Liu  Lithia. 

l  LiCl  Chloride  of  lithium. 

Magnesium 

Mg 

12 

r  MgO  Magnesia. 

I  MgCl  Chloride  of  magnesium. 

Manganese 

Mn 

28 

MnO  Protoxide  of  manganese. 
J  MnOn  Bmoxide  or  black  oxide. 
1  MnOs  Manganic  acid. 
l.Mn207  Permanganic  acid. 

Hg 

202 

r  HgO  Protoxide  of  mercury, 
J  Hg02  Red  oxide  of  mercury. 
1  HgCl  Protochloride  of  mercury. 
LHgCU  Perchloride  of  mercury. 

Molybdenum  ... 

Mo 

48 

M0O3  Molybdic  acid. 

Ni 

30 

/  NiU  Oxide  01  mokel. 

I  Ni.jOs  Sesquioxide  of  nickel. 

Nitrogen  

N 

14 

f  "NO5  Nitric  acid. 

<  NO2  Binoxide  of  ftitrogen. 

I.NH3  Ammonia. 

Os 

99 

f  OSO4  Osmic  acid. 

I  OSO2  Binoxide  of  osmium. 

0 

8 

Palladium  

Pd 

54 

/  PdO  Protoxide  of  palladium. 
I  PdOj  Peroxide  of  palladium. 

Phosphorus 

P 

32 

j"  PO5  Phosphoric  acid. 
•<  PO3  Phosphorous  acid. 
LPH3  Phosphuretted  hydrogen. 

Platinum  

Pt 

99 

/  PtO  Protoxide  of  platinum. 

l  PtOo  Binoxide  of  platinum. 

Potassium 
(Kalium.) 

Khodium 

K 
R 

40 
52 

rKO  Potash. 

IKCl  Chloride  of  potassium, 
r  RO  Protoxide  of  rhodium. 

1.14203  Sesquioxide  of  x-hodium. 

4  SYMBOLS  AND  EQUIVALENTS. 


Name. 

Symbol. 

Atomic 
Weight. 

Compounds. 

Ruthenium 

Ku 

52 

RU2O3  Sesquioxide  of  rutheniimi. 

Selenium  

Se 

40 

r  SeOa  Selenic  acid. 

X  HSe  Hydroselenic  acid. 

Si 

22 

SiOg  Silicic  acid, 

Na 

108 

r  AgO  O-vide  of  silv^er. 
\  AgCl  Chloride  of  silver. 

rNaO  Soda. 

l  NaCl  Chloride  of  sodium. 

f  oru  otrontia, 

\  SrCl  Chloride  of  strontium. 

(Argentum.) 

24 

(Natronium.) 

Sr 

44 

S 

16 

(  SO3  Sulphuric  acid. 

1.  HS  Hydrosulphuric  acid. 

(ox'  Columbium.) 
Tellui'iura   

Ta 
Te 

185 
64 

f  TaOo  Oxide  of  tantalium. 
I  TaOg  Tantalic  acid. 

/  TeOs  Telluric  acid. 
I  HP  Hydrotelluric  acid. 

Th 

60 

r  ThO  Oxide  of  thorium. 
I  ThCl  Chloride  of  thorium. 

on 

oy 

r  SnO  Protoxide  of  tin. 
X  Sn02  Peroxide  of  tin. 

f  TiO  Titanic  acid. 

\  TiCU  Bichloride  of  titanium. 

(Stannum.) 

Ti 

24 

W 

96 

WO3  Tungstic  acid. 

(Wolfram.) 

U 

60 

r  UO  Protoxide  of  uranium. 
IU2O3  Sesquioxide  of  uranium. 

V 

69 

VO3  Vanadic  acid. 

Yttrium   

Y 

32 

/YO  Yttria. 

t  YCl  Chloride  of  Yttrium. 

Zn 

32 

r  ZnO  Oxide  of  zinc. 
1  ZnCl  Chloride  of  zinc. 

Zr 

34 

/  ZroOs  Zirconia. 

i  ZrCls  Cliloride  of  zirconium. 

3.  Each  of  these  symbols  expresses  one  equivalent  or 
atom  of  the  substance  which  it  represents.  Thus,  H  stands 
for  one  atom  or  equivalent  of  hydrogen;  Cufor  an  equiva- 
lent of  copper;  Sg  for  one  of  mercury. 

When  a  small  figure  is  placed  to  the  right  of  a  symbol, 
rather  below  the  line,  it  means  that  there  is  that  number 
of  equivalents  of  the  substance  present.  Thus,  Pb,  means 
two  equivalents  of  lead;  0,  five  eqmvalents  of  oxygen; 
Hjo  ten  equivalents  of  hydrogen. 
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Two  or  more  symbols  placed  together,  signify  that  tlie 
elements  which,  they  represent  are  chemically  united  in  the 
closest  manner.  Thns  HO  stands  for  water,  which  is  a 
compound  of  one  equivalent  of  hydrogen,  and  one  of  oxy- 
gen; SO3  represents  anhydrous  sulphuric  acid,  composed 
of  one  equivalent  of  sulphur  and  three  of  oxygen;  CjoHjqOjq 
represents  starch,  which  consists  of  12  equivalents"  of  car- 
bon, 10  of  hydrogen,  and  10  of  oxygen,  chemically  com- 
bined together. 

When  symbols  are  separated  by  a  comma,  they  represent 
compounds  which  are  held  together  by  a  force  less  strong 
than  that  which  unites  elements  that  have  no  such  mark 
interposed.  Thus  K0,S03  means  sulphate  of  potash,  com- 
posed of  potash  and  sulphui-ic  acid.  The  constituents  of 
sulphate  of  potash  therefore,  are  both  compounds,  and  the 
affirdty  which  unites  the  potassium  with  the  oxygen,  and 
the  sulphur  with  the  three  equivalents  of  the  same  ele- 
ment, is  supposed  to  be  stronger  than  that  which  unites 
the  acid  with  the  base,  since  it  is  easier  to  break  it  up  into 
potash  and  sulphuric  acid,  than  into  potassium,  oxygen, 
and  sulphur. 

When  the  sign  +  is  interposed,  it  indicates  that  the 
substances  between  which  it  is  placed  are  united  in  a  man- 
ner still  less  intimate.  Thus,  in  crystallized  carbonate  of 
soda  (NaCCOo+lO  Aq),  we  have  sodium  and  oxygen  in 
the  soda,  and  carbon  and  oxygen  in  the  carbonic  acid, 
combmed  in  the  closest  and  strongest  manner;  the  soda 
and  carbonic  acid  thus  formed  are  separated  by  a  comma 
showing  that  they  are  held  together  by  what  we  may  here 
caU  the  second  degree  of  affinity;  while  the  10  equivalents 
ot  water  of  crystaUization,  separated  by  the  sign  +,  are 
held  by  a  much  weaker  force,  so  feeble  indeed  that  a  very 
moderate  heat  is  sufficient  to  expel  them. 

The  sign  +  is  used  also  to  separate  the  symbols  of  sub- 
stances which  are  entirely  disunited,  as  when  we  wish  to 
express  a  mixture  of  carbonate  of  lime  and  hydi-ochloric 
acid,  we  put  it  thus,  CaO,COo+^CT. 

A  large  figure  placed  immediately  before  a  symbol,  mul- 
tiplies  all  the  symbols  as  far  as  the  next  comma  or  +  sien 
inus,  in  the  common  phosphate  of  soda  (2NaO,HO  PO  ) 
there  are  two  equivalents  of  soda,  one  of  water  and  one  of 
phosphoric  acid,  combined  together.  If  a  large  figure  were 
placed  before  the  whole  formula  enclosed  in  brackets  thus 
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5(2NaO,HO,P05)  it  would  represent  5  equivalents  of  the 
entire  salt. 

4.  It  is  really  wonderful  liow  much  these  little  symbols 
are  capable  of  expressing,  and  how  often  and  completely 
they  assist  in  simplifying  and  rendering  intelligible  even 
the  most  complicated  chemical  changes;  for  besides  the 
information  they  convey  relative  to  the  composition  of  the 
substances  which  they  express,  they  can  be  so  combined  in 
the  form  of  equations,  as  to  show  in  the  most  perfect  man- 
ner, the  various  compounds  which  result  during  chemical 
decompositions.  For  this  purpose,  the  symbols  of  the 
substances  employed  are  placed  together  so  as  to  form  one 
side  of  the  equation;  on  the  other  side  are  placed  those  of 
the  substances  which  are  produced  diu'ing  the  decompo- 
sition; and  as  no  atom  of  matter  is  lost  during  these  trans- 
formations, it  necessarily  follows  that  the  value  of  both 
sides  of  the  equation  must  be  equal.  For  example,  the 
decomposition  of  carbonate  of  lime  by  hydrochloric  acid 
may  be  thus  represented : — 

C&0,CO.,+ SCI  ^CaCl+SO^CO.^. 

Here  we  place  the  symbols  of  carbonate  of  lime  and 
hydrochloric  acid  on  one  side,  and  on  the  other  those  of 
chloride  of  calcium,  water,  and  carbonic  acid,  which  are 
produced  during  the  decomposition;  and  it  will  be  observed 
that  on  each  side  there  are  exactly  the  same  number  of 
equivalents,  viz.  1  of  calcium,  3  of  oxygen,  1  of  carbon, 
1  of  hydrogen,  and  1  of  chlorine.  .-n    ^-  n 

5.  I  have  ventured  to  introduce  a  shght  modification  ot 
the  usual  mode  of  printing  the  symbols,  which  will  enable 
the  student  to  see  at  a  glance  whether  the  substances  ex- 
pressed are  in  the  soHd,  liquid,  or  gaseous  form. 

Those  in  the  solid  state  are  printed  m  strong  Koman 
type  as  Pb,  lead.  Liquids,  or  substances  m  solution,  are 
printed  in  strong  itabcs,  as  HO,  water;  and  gases  or 
vapours  are  represented  by  fine  hair  letters,  as  H,  hydro- 
gen, HO,  steam.  _  1    J     n    •  -J 

Thus  in  the  above  equation,  hqmd  hydrochloric^acid 
IWCl)  is  poured  on  solid  carbonate  of  hme  (taU,LU,.) : 
chloride  oY  calcium  {CaCl)  is  formed  which  remains  m 
solution,  together  with  carbonic  acid  (CO,),  which  passes 

off  in  the  gaseous  form.  ,   .    .   ^     ^^  , 

6.  It  is  very  important  that  the  student  should  at  once 
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begin  to  make  careful  notes  of  all  tlie  experiments  lie  en- 
gages in.  He  should  endeavour  to  do  this  in  as  concise 
and  methodical  a  manner  as  possible,  and  he  -will  find  it 
very  advantageous  to  make  use  of  symbols  in  describing 
the  substances  he  employs,  and  the  changes  which  they 
undergo :  he  will  thus  be  able  to  record  much  in  a  small 
space,  and  at  the  same  time  he  will  be  making  himself 
familiar  with  the  composition  of  the  substances  with  which 
he  is  experimenting. 

7.  When,  as  is  often  the  case,  especially  in  analytical 
experiments,  there  are  several  solutions  and  precipitates 
either  filtering,  digesting,  or  waiting  till  the  operator  has 
leisure  to  attend  to  them,  it  is  necessary  to  mark  them  in 
some  way,  to  prevent  confusion.  This  is  easily  done  with 
small  pieces  of  gummed  paper,  on  which  a  letter  or  number 
may  be  written,  corresponding  with  a  similar  reference 
mark  in  the  note-book. 

8.  The  student  will  soon  learn  by  experience  that  he 
cannot  be  too  methodical  in  his  operations,  or  too  careful 
in  cultivating  habits  of  neatness  and  cleanliness.  The  pre- 
sence of  a  httle  saline  or  other  impurity  in  a  glass,  owing 
to  careless  washing,  or  a  little  extraneous  matter  having 
been  allowed  to  find  its  way  into  a  bottle  or  test-tube,  may 
retard  or  spoil  the  result  of  whole  days  of  labour. 

"  Much  as  the  chemist  may  soQ  his  fingers  during  his 
experimental  occupations,  he  will  soon  learn  the  great  im- 
portance of  cleanUness  to  the  success  of  his  experiments. 
The  regular  course  of  his  operations  causes  many  kinds  of 
matter  to  pass  in  succession  through  his  hands  ;  and  many 
of  the  substances,  which  by  mixture  have  exhibited  the 
phenomena  they  were  competent  to  occasion,  and  so  far 
answered  the  purpose  of  the  experiment,  then  become 
mere  useless  dirt.  Their  dismissal  and  entire  removal 
when  thus  circumstanced  become  necessary,  that  they 
may  not  contaminate  other  bodies ;  and  are  as  impera- 
tively required,  as  was  the  care  previously  bestowed  to 
prevent  their  contamination  from  extraneous  matter. 

"  It  is  this  rapid  change  in  the  character  and  relation  of 
the  substances  with  which  the  chemist  works,  that  makes 
a  constant  attention  to  cleanliness  essentially  necessary 
Ihe  very  bodies  which  at  one  moment  are  carefully  re- 
tamed  in  vessels  that  have  previously  been  cleansed  with 
the  most  scrupulous  attention,  become  the  next  in  the 
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situation  of  so  much  dirt,  from  which  the  vessels  must  be 
cleansed  as  perfectly  and  carefully,  before  they  can  be  fit 
for  another  experiment,  as  they  were  for  the  reception  of 
the  now  rejected  matter.  The  results  of  numerous  experi- 
ments relative  to  testing  bodies  in  solution  by  reagents, 
are  in  many  cases  dependent  on  the  employing  of  clean 
vessels.  For  instance,  a  portion  of  water  examined  in 
glasses  which  have  been  carelessly  washed,  may  occasion 
a  slight  precipitate  with  nitrate  of  silver  or  chloride  of 
barium,  and  thus  seem  to  contain  a  chloride  or  a  sulphate 
(403,  429),  when  the  cause  of  the  j)recipitate  may  be  no- 
thing more  than  portions  of  salts  adhering  to  the  vessel. 

"  In  the  same  manner  the  purity  of  an  acid  or  a  test,  is  not 
unfrequently  affected  by  the  state  of  the  bottle  containing 
it,  or  by  the  dirty  condition  of  glass  rods  dipped  into  it,  or 
of  the  funnels  through  which  it  has  been  poured  or  filtered, 
or  of  the  vessels  used  in  its  transference ;  and  sometimes 
it  is  contaminated  by  laying  the  stopper  of  the  bottle  con- 
taining it  in  a  dirty  place.  Nor  is  it  only  that  kind  of  dirt 
or  impurity  which  gives  an  evident  tinge  to  what  it  adheres 
to,  that  is  to  be  avoided,  but  also  numerous  colourless 
substances,  as  salts,  solutions,  &c. ;  and  in  a  word,  anything 
which  differs  from  the  principal  substance  itself,  and  is  at 
the  same  time  liable  to  be  dissolved  or  mixed  with  it. 

"  In  consequence  of  these  liabilities,  and  their  inter- 
ference with  experiments,  it  should  be  estabhshed  as  a 
general  rule  in  the  laboratory,  that  no  apparatus,  nor  any 
vessel,  (except  such  as  may  be  destined  to  a  particular  use, 
and  is  as  convenient  when  with  a  little  previously  adheriDg 
matter  as  if  it  were  clean,)  be  put  away  in  a  dirty  state. 
All  vessels  or  instruments  when  resorted  to,  should  be 
found  fit  for  the  nicest  experiment  to  which  they  are  appli- 
cable. Glass  rods  or  stirrers  should  be  preserved  m  a  clean 
place  ;  glasses,  on  a  clean  shelf ;  and  stoppers,  when  taken 
out  of  bottles,  should  be  laid  upon  clean  surfaces.  These 
attentions  and  regulations  will  be  found  always  useful,  at 
times  essential ;  and  they  are  generally  more  reqmsite 
and  influential  in  minute  chemistry,  than  m  large  experi- 

9  It  is  easy  to  clean  even  the  dirtiest  vessel,  provided  it 
has  not  been  allowed  to  remain  long  with  tlie  mipurities 
adhering  to  it ;  this,  indeed,  should  never  be  pcruntted, 

*  Faraday's  Chemical  Manipulation,  p  523. 
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and  is  readily  avoided  by  making  it  a  rule  never  to  leave 
work  for  tlie  day  until  the  whole  of  the  soiled  apparatus 
Las  been  thoroughly  washed,  and  left  to  drain  during  the 
night,  ready  for  wiping  the  next  morning.  For  most  pur- 
poses of  cleaning,  water  will  be  found  sufficient,  especially 
when  the  dirt  is  still  moist ;  and  when  mere  rinsing  does 
not  remove  it,  gentle  friction  with  moist  tow  and  coal  ashes, 
will,  in  most  cases,  prove  effectual.  When  the  form  of  the 
vessel  to  be  cleaned  is  such  as  will  not  allow  the  introduc- 
tion of  the  hand  (as  flasks,  test-tubes,  &c.),  a  piece  of  stick 
or  wire,  having  a  little  tow  wrapped  round  the  end,  will  be 
found  very  convenient.  Glasses  or  basins  that  have  been 
set  aside  to  drain,  should,  before  using,  be  wiped  with  a  dry 
clean  cloth,  to  remove  any  adhering  particles  of  dust  or 
moisture.  Bottles  or  flasks,  when  required  to  be  perfectly 
dry  inside,  may,  after  most  of  the  water  has  been  removed, 
be  easily  dried  by  warming  them  gently,  and  blowing  air 
into  them  through  a  glass  tube,  either  with  the  bellows  or 
from  the  lungs ;  in  this  way  the  water  is  converted  into 
vapour,  which  is  quickly  removed  by  the  current  of  com- 
paratively dry  air. 

When  a  glass  or  dish  is  greasy,  it  should  be  first  wiped 
as  clean  as  possible  with  tow  or  a  dry  cloth,  then  moistened 
with  a  httle  strong  potash,  and,  lastly,  weU  washed  and 
rinsed  with  water.  When  the  dirt  to  be  removed  is  resin- 
ous also,  or  ta,rry,  the  application  of  strong  potash  or  sul- 
phuric acid  will  generally  act  upon  it  in  such  a  way,  that 
subsequent  washing  with  water,  together  with  gentle  fric- 
tion with  coal  ashes,  will  render  it  quite  clean.  It  often 
happens,  especially  when  a  glass  has  been  allowed  to  dry  in 
a  dirty  state,  that  an  insoluble  crust  is  formed  on  the  sur- 
face, which  is  very  difficult  of  removal  by  mechanical 
means,  but  readily  yields  on  the  appHcation  of  a  few  drops 
of  hydrochloric  or  some  other  acid.  An  instance  of  this  is 
afforded  by  solutions  of  lime,  which,  on  exposure  to  the 
air,  frequently  deposit  a  crystalline  sediment  of  carbonate 
of  lime,  which  adheres  strongly  to  the  glass,  but  instantly 
dissolves  on  the  addition  of  the  acid. 

10.  When  thrown  upon  his  own  resources,  the  student 
will  often  find  it  of  the  utmost  value  to  be  able  to  substi- 
tute, in  default  of  more  perfect  apparatus,  the  common 
thmgs  used  in  domestic  life,  which  are  to  be  found  in  every 
house,  such  as  glasses,  plates,  cups,  saucepans,  &c.  When 
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in  addition  to  these  he  has  at  his  command  a  blowpipe,  a 
small  piece  of  platinum  foil  and  wire,  a  flask  or  two,  a  fun- 
nel, and  a  little  glass  tubing  of  different  sizes,  he  will,  with 
the  exercise  of  a  little  ingenuity  and  contrivance,  be  able 
to  go_  through  a  very  considerable  course  of  experimental 
chemistry.  He  may  rest  assured  that  it  is  no  disadvantage, 
but  rather  the  contrary,  to  be  thus  compelled  to  devise 
and  construct  for  himself  rude  and  extemporaneous  forms 
of  apparatus  ;  and  if  he  should  require  encouragement  to 
persevere  in  spite  of  the  scantiness  of  his  resources,  he 
need  only  be  reminded  that  the  majority  of  those  M^hose 
names  shine  brightest  in  the  annals  of  science,  have  laid 
the  groundwork  of  their  future  eminence  whUe  placed 
under  the  most  unfavourable  circumstances.  So  it  was 
with  the  great  Davy  ;*  so  with  Dalton,  with  Scheele,  Fara- 
day, Dumas,  Liebig,  and  many  others  almost  equally  illus- 
trious. 

"  Habits  of  correct  and  delicate  manipulation  very  much 
facilitate  experimental  inquiries  at  all  times.  It  is  not  in 
difiicult  researches  only  that  it  is  desirable,  but  even  in 
such  common  oj)erations  as  testing  for  lime,  or  iron,  or 
sulphuric  acid,  its  advantages  become  manifest ;  for  either 
time  is  shortened,  or  the  apparatus  considered  as  necessary 
is  diminished,  or  effectual  substitution  is  made  for  those 
that  may  be  wanting,  and  thus  the  experiment  becomes 
easy,  where  othei'wise  it  would  be  considered  impossible. 
Besides  facilitating  such  inquiries,  it  also  diminishes  the 
expense  both  in  materials  and  apparatus,  and  it  produces 
beneficial  habits  in  the  mind,  by  exercising  it  both  in  in- 
vention and  perception  even  in  this  subordinate  part  of  its 
operations.  '  Nothing,'  as  Dr.  Johnson  observes,  '  is  to  be 
considered  as  a  trifle,  by  which  the  mind  is  inured  to 
caution,  foresight,  and  circumspection.  The  same  skill, 
and  often  the  same  degree  of  skill,  is  exerted  in  great  and 
little  things.'  "f 

*  "  His  means,  of  course,  were  very  limited ;  not  more  extensive  than 
those  with  which  Priestley  and  Scheele  began  their  labours  in  the  same 
fruitful  field.  His  apparatus,  I  believe,  consisted  chiefly  of  pliials,  wine- 
glasses, and  tea-cups,  tobacco-pipes,  and  earthen  crucibles ;  and  his  materials 
were  chiefly  the  mineral  acids  and  the  alkalies,  and  some  other  articles 
which  are  "in  common  use  in  medicine."  — i-T/i;  of  Sir  H.  Davy,  by  ,Tohn 
Davy,  M.D.,  vol.  i.  p.  43. 

t  Faraday,  op.  cit.  p.  vi. 


11 


CHAPTEE  II. 


PNEUMATIC  CHEMISTEY. 

11.  The  gas-holder  used  in  tlie  following  experiments, 
wliicli  bears  the  name  of  its  inventor,  Mr.  Pepys,  consists 
of  an  upright  hoUow  box  a,  usually  made  of  zinc  or  copper, 


Pig.  1.  Section  of  Pepys'  Gas-holder. 


connected  by  means  of  two  tubes,  !>  and  c,  with  a  shallow 
pan  d  placed  above  it.  The  tubes  are  open  at  both  ends, 
the  longer  one  c  reaching  to  within  about  half  an  inch  of 
the  bottom.  The  external  glass  tube  f  shows  the  height 
at  which  the  liquid  stands  in  the  vessel.  The  lateral  open- 
ing e  is  closed  by  a  screw-cap  before  filling  the  vessel  with 
water;  the  stopcocks  h  and  c  are  then  opened,  and  water 
poured  into  the  upper  pan,  when  it  passes  down  the  tube  c. 
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tlie  air  escaping  up  the  other  tube,  until  it  is  full,  when 
no  more  bubbles  of  air  will  rise  from  the  tube  b. 

When  the  gas-holder  is  filled  with  water,  the  stopcocks 
h  and  c  are  to  be  closed,  and  the  screw-cap  may  be  removed 
from  e  without  danger  of  the  water  rushing  out,  since  it  is 
kept  in  by  the  pressure  of  the  external  atmosphere ;  but 
care  must  be  taken  not  to  remove  the  screw-cap  while 
either  of  the  stopcocks  is  open,  as  the  water  would  rush 
out  with  great  force.  The  beak  of  the  retort  may  then  be 
introduced,  as  shovm  in  the  figure,  when  the  gas  will  rise 
in  bubbles  through  the  water,  which  is  gradually  displaced, 
and  flows  out  through  the  aperture  e.* 


SECTION  I. 

Frejparation  of  Hydrogen  (H).t 

12.  Weigh  300  grains  of  granulated  zinc,  and  introduce 
the  fragments  carefully  through  the  tubulure  of  the  retort, 

sliding  them,  not  dropping  them 
in,  to  avoid  the  risk  of  breaking 
the  bottom  of  the  retort,  which 
is  usually  of  thin  glass,  and 
consequently  seldom  strong 
enough  to  bear  a  blow  with- 
-  out  injury. 

Pour  upon  the  metal  four 
fluid  ounces  of  dilute  sulphuric 
^iJ?-  2-  acid,  consisting  of  one  part  by 

measure  of  oil  of  vitriol  {HO,  80^,  and  flve  parts  of  water. 

Effervescence  immediately  commences,  owing  to  the 
rapid  evolution  of  the  gas,  the  first  portions  of  which, 
being  mixed  with  the  common  air  previously  in  the  retort, 
may  be  collected  separately  in  a  small  jar  over  the  pneu- 
matic trough,  and  afterwards  rejected. 

*  In  the  absence  of  a  gas-holder,  the  gases  may  be  collected  in  jars  over 
the  pneumatic  trough  (see  par.  IS). 

t  The  specific  gravity  of  hydrogen  is  lower  than  that  of  any  other  form  of 
ponderable  matter,  being  only  0.069,  that  of  common  air  being  considered 
1.000.  100  cubic  inches  weigh,  at  the  ordinary  temperatm-e  and  pressure  of 
the  air,  2.138  gi-ains,  while  the  same  quantity  of  common  air  weighs  31.00 
grains.    The  atomic  weight  of  hydrogen  is  1,  and  its  combining  volume  1. 
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The  nature  of  the  decomposition  that  takes  place  may 
be  seen  in  the  following  equation  : 

Zn+H0,80^=Zn0,S0^+Y{. 

The  beak  of  the  retort  may  now  be  inserted  into  the 
lateral  aperture  of  the  gas-holder,  which  should  have  been 
previously  placed  over  the  pneumatic  trough  so  as  to 
catch  the  water  as  it  is  displaced  by  the  gas  (fig.  1). 

When  the  effervescence  subsides,  and  sufficient  gas  is 
collected,  remove  the  gas-holder  from  the  trough,  and  pro- 
ceed with  the  following  experiments. 


Fig.  o.  Decanting  Gas. 

13  Place  an  inverted  jar  filled  with  water,  over  the 
tube  6  (fig.  1),  and  open  both 
the  stopcocks;  the  gas  will 
immediately  be  forced  up- 
wards into  the  jar  bythe  pres- 
sure of  the  water  in  the  pan 
and  in  the  tube  c .-  close  the 
bottom  of  the  jar  with  a  plate 
of  glass,  and  remove  it  to  the 
pneumatic  trough.  Decant 
a  portion  of  this  gas  to  a 
smaUer  jar  (fig.  3),  and  test 
Its  inflammability  with  a  taper.  Observe  the  deposit  of 
dew  m  the  mside  of  the  jar  after  the  combustion,  wS  is 
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the  water  formed  by  the  combinatiou  of  the  hydrogen  with 
oxygen.    ll  +  0=SO. 

14.  Fill  a  small  jar  Avith  the  gas,  and  having  removed  it 
from  the  gas-holder,  let  it  stand  for  a  few  seconds  with  its 
open  end  upwards.  If  a  hghted  taper  be  now  apphed,  no 
combustion  will  ensue,  as  the  hydrogen  will  have  escaped 
upwards,  on  account  of  its  very  low  specific  gravity. 

15.  Eepeat  the  last  experiment,  holding  the  jar  with  the 
open  end  doivnwards.  On  applying  a  hghted  taper,  a  sUght 
explosion  will  take  place,  showing  that  the  hydrogen  had 
not  escaped  as  before. 

16.  Transfer  some  oi 
the  gas  from  a  large 
jar  to  a  small  one,  and 
from  this  again  to 
tubes,  until,  it  can  be 
done  without  allow- 
ing any  bubbles  to  es- 
cape. When  the  gas 
is  to  be  decanted  into 
a  jar  or  tube  which  is 
much  narrower,  it  may 
be  first  transferred  into 
a  lipped  glass;  or  an 
inverted  funnel  may  be  used,  as  shown  in  fig.  5. 

17.  Transfer  a  httle  of  the  hydrogen  in  tliis  way  mto  a 
graduated  tube,  and  mix  it  with  varymg  but  definite  por- 
tions of  common  air;  then  ascertain  by  experiment  what 
proportions  detonate  most  loudly  when  a  hghted  taper  is 
applied.  The  jars  used  for  these  experiments  should  be 
small  and  strong,  to  avoid  risk  of  fracture  by  the  force  oi 
the  explosion. 

SECTION  II. 

JPreparation  of  Carbonic  Acid  (COj).* 

18  As  this  gas  is  to  a  considerable  extent  soluble  in 
water,  it  is  better  in  its  preparation  not  to  use  the  gas- 
holder, on  account  of  the  large  quantity  of  water  it  would 

;"^reT%"l\'empS:-e  o/o^ter  Jssolves  about  its  own  bulk  of 
carbonic  acid. 


Fig.  5. 
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tlien  have  to  pass  througli,  but  to  collect  it  at  once  in  jars 
over  the  pneumatic  trough.   (Fig.  6.) 


Vig.  6.  Pneumatic  Trough. 


19.  Put  300  grains  of  marble  (CaO.COg)  broken  into  frag- 
ments about  the  size  of  a  pea,  into  a  retort,  observing  the 
same  precautions  as  were  recommended  in  the  preparation 
of  hydrogen  (12).  Measure  out  an  ounce  and  a  half  of 
hydrochloric  acid  (SCI),  dUute  it  with  an  equal  quantity 
of  water,  and  pour  the  mixture  upon  the  marble.  The  gas 
is  immediately  given  off,  causing  brisk  effervescence,  and  it 
may  be  collected  in  jars  placed  on  the  shelf  of  the  pneu- 
matic trough,  the  first  jar-full  being  rejected  as  impure. 

Ca.0,C02+ HCl=^CaCl+BO+CO.^. 

20.  Introduce  a  lighted 
taper  into  a  small  jar  of 
the  gas  held  with  its  open 
end  upwards.  It  is  in- 
stantly extinguished;  and 
as  the  carbonic  acid  re- 
mains some  time  in  the 
jar,  on  account  of  its  high 
specific  gravity,  the  taper 
may  be  extinguished  re- 
peatedly in  the  same  lar- 
fuU  of  gas. 

21.  Pour  a  little  Lime- 
water  (CaO)  into  a  test 


Fig.  7. 
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glass  and  tlience  into  a  jar  filled  -with  tlie  gas,  closing  the 
mouth  of  the  jar  with  a  glass  plate,"  and  agitating  the  gas 
and  liquid  together.  The  lime-water  almost  immediately 
hecomes  milky,  owing  to  the  formation  of  carbonate  of 
lime  (CaOjCOj)  which  is  insoluble  in  water. 

If  a  few  drops  of  hydrochloric  acid  {SCI)  be  added,  the 
carbonate  of  lime  is  decomposed,  and  the  milkiness  disap- 
pears, chloride  of  calcium  beiag  formed,  which  is  soluble 
in.  water. 

{CsiO, GO^+BCl=CaCl+HO-\-CO^). 

^ -        22.  Having  filled  a  jar  with 
><r\         the  gas,  pour  it  like  water 
^^i^^  into  another  jar  somewhat 
"LjL/xZ^Zl3  smaller  (fig.  8) ;  this  is  easily 
^^^'^  1.1—-'   Q^QQieA.,  owing  to  the  high 
specific  gravity  of  carbonic 
acid.    Test  its  presence  in 
both  jars  with  lime-water 
(21),  and  by  its  power  of  ex- 
tinguishing a  taper  (20). 

23.  The  high  specific  gra- 
vity of  carbonic  acid,  and  its 
Pig.  8.  power  of  extinguishing  flame, 

may  be  strikingly  shown  by  pouring  it  from  a  jar  upon  a 
lighted  candle,  which  is  instantly  put  out. 

24.  By  means  of  a  narrow  tube  open  at  both  ends,  fill  a 


PREPAKATION  OF  BINOXIDE  OF  NITEOGEN.  17 


abundant  precipitate  in  lime  water,  owing  to  the  presence 
of  carbonic  acid  (21). 

25.  Invert  a  jar  filled  with 
common  air  over  a  lighted 
taper  floating  on  the  water  of 
the  pneumatic  trough  (fig. 
10) ;  observe  that  it  soon 
burns  dim,  and  is  shortly 
extinguished,  the  water  at 
the  same  time  slowly  rising 
in  the  jar.  The  absorption 
of  air  is  here  owing  to  the 
disapiDearance  of  the  atmo- 
spheric oxygen,  which  com- 
bines with  the  hydrogen  and 
carbon  of  the  burning  wax. 
Nearly  one-fifth  of  the  air  is  thus  condensed,  that  being 
the  proportion  of  oxygen  contained  in  the  atmosphere; 
the  remaining  four-fifths  are  nitrogen.  When  the  com- 
bustion is  over,  invert  the  jar,  and  test  the  air  contamed 
in  it  vrith  lime-water  for  carbonic  acid  (21). 


SECTION  III. 

Prepa/ration  of  Binoxide  of  Nitrogen  (NO  2)* 

26.  Put  300  grains  of  copper  turnings  into  a  retort,  and 
pour  upon  it  an  ounce  and  a  half  of  strong  nitric  acid 
(-^^5)  previously  diluted  with  an  equal  quantity  of  water. 
Decomposition  immediately  commences,  and  the  binoxide 
is  formed  by  the  action  of  the  copper  on  a  portion  of  the 
nitric  acid,  thus: — 

3  Cu+4  N0,=^  {CuO,NO,)  +  1^0^. 

The  gas  which  is  first  formed  becomes  orange,  owing  to 
its  conversion  iuto  nitrous  acid  (NO J  by  combining  with 
the  atmospheric  oxygen  contained  in  the  retort  (N0„4- 
2  0=N04). 

27.  Transfer  a  little  to  a  jar,  and  test  it  with  a  taper- 
observe  the  orange  fumes  of  nitrous  acid  which  are 
instantly  produced  wherever  the  gas  mixes  with  the  air.  ' 

we*ew\^nif°8rav"y5  binoxide  of  nitrogen  is  1.039,  100  cubic  inches 
weigning  32.22  grains.  Its  atomic  weight  is  30.0  and  its  combining  volume  2 

C 
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28.  Measure  a  definite  quantity  of  the  gas  in  a  graduated 
receiver,  and  transfer  it  to  another  jar  over  tlie  pneumatic 
trough:  then  measure  ofi"  an  equal  volume  of  atmospheric 
air,  and  add  it  by  decantation,  to  the  binoxide.    When  the 
orange  fumes  have  disappeared,  owing  to  the  absorption  of 
the  nitrous  acid  by  the  water,  transfer  it  again  to  the  gra- 
duated jar,  and  observe  the  volume  of  the  mixture,  noticing 
accurately  the  diflference  between  this  and  the  sum  of  the 
original  volumes  employed  before  mixing.    This  experi- 
ment should  be  repeated  three  or  four  times,  and  if  the 
results  in  each  case  agree  pretty  closely,  take  the  average 
of  the  experiments,  and  the  amount  of  condensation, 
divided  by  three,  will  give  very  nearly  the  quantity  of 
oxygen  contained  in  the  atmospheric  air  employed.  One 
equivalent  of  binoxide  of  nitrogen  occupying  two  volumes, 
when  combined  with  two  equivalents  of  oxygen  occupying 
one  volume,  forms  one  equivalent  of  nitrous  acid  (NO4) 
which  is  absorbed  by  the  water;  consequently,  one-third 
of  the  gas  absorbed  consists  of  atmospheric  oxygen.  If 
the  experiment  be  carefully  performed,  the  absorption  wiU 
be  found  to  be  equal  to  about  one-fifth  of  the  volume  of 
common  air  employed,  that  being  the  proportion  of  oxygen 
contained  in  it.  (25). 

Though  the  results  obtained  in  this  way  are  not  very 
accurate,  owing  to  the  formation  of  other  oxides  of  nitro- 
gen, they  are  sufiiciently  so  to  allow  of  its  occasional 
employment  in  determining  the  quantity  of  free  oxygen 
in  a  gaseous  mixture;  and  also  when  the  whole  of  the 
uncombined  oxygen  has  to  be  removed  from  a  mixture 
containing  it. 

SECTIOK  IV. 

Preparation  of  Olejiant  Gas.  (C4H4).* 

29.  Pour  into  a  retort  six  fluid  drachms  of  alcohol 
(C  S  0,S0)  and  add  to  it  in  small  portions  an  ounce  and 
a  half  of  strong  sulphuric  acid  {MO, SO,),  gently  agitating 
the  mixture  after  each  addition.  Apply  a  moderate  heat, 
and  take  care  that  the  black  froth  which  is  formed  towards 
the  close  of  the  operation  does  not  boil  oyer.  Collect  the 
gas  in  jars  over  the  pneumatic  trough,  or  m  the  gas-holder. 

*  The  specific  gravity  of  defiant  gas  is  0.981,  100  cubic  inches  weighing 
30.57  grains.    Its  atomic  weight  is  14,  and  its  atomic  volume  2. 
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30.  Examine  a  small  jar-full  with  a  taper,  and  observe 
that,  though  the  taper  is  extinguished,  the  gas  burns  with 
a  bright  white  flame. 

31.  When  mixed  with  an  equal  volume  of  chlorine  (CI) 
the  two  gases  combine,  forming  a  heavy  oily  compound, 
called  chloride  of  olefiant  gas  (C^IT^CQ. 

(C,HJ  +  2C1=  C,^,C4. 

The  oil  coUects  in  drops  on  the  sides  of  the  jar  and  on 
the  surface  of  the  water,  while  the  gases  are  gradually 
absorbed. 

Olefiant  gas  derives  its  name  from  the  circumstance  of 
its  forming  this  oUy  compound. 

32.  Mix  together  one  volume  of  olefiant  gas  and  two 
volumes  of  chlorine;  close  the  jar  with  a  glass  valve,  and 
quickly  remove  it  from  the  pneumatic  trough.  Apply  a 
light  to  the  mixed  gases,  and  observe  the  dense  cloud  of 
carbonaceous  matter  that  is  formed  as  the  combustion  gra- 
dually passes  down  the  jar,  hydrochloric  acid  being  at  the 
same  time  produced. 

C4H4+4C1=4HC1+4C. 

SECTION  V. 
Preparation  of  Carbonic  Oxide  (CO).* 

33.  Carbonic  o^le  is  prepared  by  the  action  of  strong 
sidphuric  acid  (20,80,)  on  oxahc  acid  (H0,C,0,+2Aa) 
When  a  mixture  of  the  two  acids  is  warmed,'  the  oxalic 
acid  IS  resolved  into  carbonic  acid,  carbonic  oxide,  and 
water,  which  latter  unites  with  the  sulphuric  acid. 

HO,C203+2Aq.= C  0^+  C  0  +  dSO. 
The  carbonic  oxide  is  purified  from  the  carbonic  acid  bv 
passmg  It  through  a  solution  of  potash  or  milk  of  lime. 

CO,+  CO  +  XO=KO,CO,+  CO. 

hlL^^T*  ^  ''w       ^  wide-mouthed  bottle  capable  of 
holding  half  a  pint  of  water,  and  fit  to  it  two  tubes  (152) 
one  of  which,  a  (fig.  11),  should  be  about  half  an  inch  in 
Jameter,  straight,  and  sufficiently  long  to  reach  nearly  to 
the  bottom;  the  other,  b,  should  only  just  pierce  throu .J 

c  2 
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the  cork,  and  should  be  bent  so  as_  to  deliver  the  gas,  as 
shown  in  the  figure:  the  diameter  of  this  tube  need  not  be 
more  than  about  -|  of  an  inch. 

The  beak  of  the  retort  may  now  be  fitted  with  a  cork, 
which  should  be  bored  to  allow  the  bent  tube  c  to  pass 
through  it ;  and  care  must  be  taken  that  this  tube  is  suffi- 
ciently small  to  slide  easily  down  the  tube  a,  and  long 
enough  to  reach  to  the  bottom  of  the  bottle. 


Fig.  11.  Preparation  of  Carbonic  Oxide. 

Four  ounces  of  a  tolerably  strong  solution  of  potash 
(KO)  may  now  be  introduced  into  the  bottle. 

35  Charge  the  retort  with  180  grains  of  crystallized 
oxalic  acid  (HO,Co03+2Aq)  and  two  fluid  oiinces  of  strong 
sulphuric  acid  {HO,  80^).  On  applymg  a  gentle  heat,  the 
gas  is  given  off,  the  first  portions  of  which  must  be  re- 
fected as  impure,  and  then  two  or  three  jars  fuU  may  be 
collected  over  the  pneumatic  trough  before  the  bottle  con- 
taining the  potash  is  connected  with  the  retort.  Ihe  gas 
thus  obtained  is  a  mixture  of  carbomc  acid  and  carbonic 

Having  coUected  two  or  three  jars  full  of  the  mixed 
gases  for  comparison,  adapt  the  bent  tube  c  to  the  mouth 
of  the  retort,  and  proceed  to  purify  the  gas  from  carbonic 
acid,  bypassing  it  through  the  alkaline  so  ution  m  the 
bottle.    Pure  carbonic  oxide  may  then  be  co  lected. 

37.  Agitate  a  Httle  lime-water  with  a  jar  full  of  the  unpu- 
rifled  gas;  the  presence  of  carbonic  acid  is  shown  by  the 
formation  of  carbonate  of  lime  (21). 

38.  Eepeat  the  experiment  with  a  jar  full  of  the  purified 
gas.    No  precipitate  ought  now  to  appear. 
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39.  Apply  a  lighted  taper  to  a  jar  full  of  the  impure  gas, 
and  observe  the  characteristic  pale  blue  flame  with  wfich 
the  carbonic  oxide  burns. 

40.  Do  the  same  with  a  jar  of  the  pure  gas:  the  flame  is 
brighter  than  when  carbonic  acid  was  present. 

41.  Pour  a  little  hme-water  into  the  jar  used  in  the  last 
experiment  immediately  after  the  combustion  of  the  gas. 
The  white  precipitate  which  now  appears,  and  which  was 
not  formed  when  the  same  gas  was  tested  previous  to  the 
combustion,  shows  the  result  of  that  process  to  have  been 
the  formation  of  carbonic  acid. 

00  +  0  =  002 


SECTION  VI. 


Preparation  of  Oxygen  (0)* 

42.  Adapt  a  bent  tube  of  the  form  shown  in  the  figure, 
to  a  small  hard  glass  flask,  by  means  of  a  perforated  cork! 

Then  weigh  100  grains  of  dried  chlorate  of  potash 
(ECClOg),  mix  it  with  20  grains  of  black  oxide  of  manga- 
nese (MnOs),  and  place  the  mixture  in  the  flask ;  adjust 
the  tube  so  as  to  deUver  the  gas  into  the  gas-holder,  or 
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under  the  slielf  of  the  pneumatic  trough  (fig.  12),  and 
apply  the  heat  of  a  lamp. 

The  chlorate  of  potash  is  thus  decomposed,  and  gradu- 
ally gives  off  the  whole  of  its  oxygen,  which  passes  out 
through  the  tube,  and  may  be  collected  either  in  the  gas- 
holder or  in  jars,  while  chloride  of  potassium  (KCl)  remains 
in  the  flask,  together  with  the  oxide  of  manganese,  which 
is  not  decomposed  during  the  process.* 

e:o,cio3=e:ci+60. 

The  first  portions  of  the  gas  should  be  rejected  as  im- 
pure, being  mixed  with  the  common  air  contained  in 
the  flask  and  tube. 

43.  The  jars  used  for  the  follow- 
ing experiments  should  be  open  both 
at  the  top  and  bottom,  the  edges  of 
both  being  ground  smooth,  so  as  to 
be  closed  air-tight  with  a  glass  valve  h 
(fig.  13). 

44.  FiH  a  jar  with  the  gas,  and  in- 
troduce a  glowing  taper  j  it  will  in- 
stantly burst  into  flame,  and  burn 
with  great  brilliancy,  until  most  of 
the  oxygen  is  exhausted  by  combin- 
ing with  the  carbon  and  hydrogen  of 
the  wax. 

45.  Introduce  into  another  jar  of 
the  gas  a  small  piece  of  ignited  char- 
coal, attached  to  the  end  of  a  wire.  It  bursts  into  vivid 
combustion,  combining  with  the  oxygen,  and  formmg  car- 
bonic  acid  (CO2),  the  presence  of  which  may  be  proved  by 
agitating  a  httle  lime-water  in  the  jar  (21). 

46  Eepeat  the  experiment  with  a  smaU  cod  of  thm  iron 
wire,  to  which  a  httle  charcoal  or  amadou  should  be  at- 
tached and  ignited,  for  the  purpose  of  heatmg  the  iron 
sufficiently  to  cause  it  to  burn.  The  iron  comljines  with 
the  oxygen,  forming  the  black  oxide  (FegO,),  fused  globules 
of  which  drop  to  the  bottom,  and  should  be  received  m 
water,  as  they  are  so  intensely  hot  as  to  fuse  mto  the 
glaze  of  a  plate  if  aUowed  to  faU  upon  it. 

*  The  oxide  of  manganese  is  here  used,  because  it  is  found  that,  when 
thus  mixed  chlorate  of  potash  gives  off  its  oxygen  with  much  greater  faciht.y 
and  at  a  lower  temperature  than  when  heated  alone. 


Fig.  13. 
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47.  Place  a  fragment  of  sulphur 
about  the  size  of  a  pea  in  the  de- 
flagrating spoon,  set  it  on  fire  by 
holding  it  over  a  lamp,  and  in- 
troduce it  into  a  jar  of  the  gas ; 
the  sulphur  burns  with  a  brilliant 
blue  flame,  combining  with  the 
oxygen,  and  forming  sulphurous 
acid  (SOo). 

48.  Mix  together  two  volumes  of 
hydrogen  and  one  of  oxygen,  and  with 
the  mixture  flU  a  smaU  jar  or  tube, 
which  for  this  experiment  should  be 
made  of  thick  glass.  On  applying  a 
light,  the  gases  combine  with  a  loud 
explosion,  forming  water.  H  +  0  = 
SO. 

SECTION  VII. 


Fig.  14. 


Preparation  of  Gases  lohich  are  soluble  in  Water. 

49.  Although  in  the  preparation  of  many  of  the  common 
gases  it  is  most  convenient  to  collect  them  over  water, 
either  in  the  gas-holder,  or  in  jars  placed  in  the  pneumatic 
trough,  still  there  are  many  cases  in  which  this  method  is 
inappHcable,  as  when  the  gas  is  to  any  considerable  extent 
soluble  in  water.  It  is  usual  in  such  cases,  especially  when 
great  purity  is  necessary,  to  collect  them  in  tubes  or  jars 
over  mercury,  which  is  not  acted  upon  by  the  majority  of 
the  gases.  For  common  purposes,  however,  some  of  them 
may  be  collected  by  the  displacement  of  common  air  in 
dry  bottles,  and  the  more  the  gas  differs  in  density  from 
atmospheric  air,  the  more  is  this  method  applicable. 

Hydrochloric  acid  gas  and  ammonia  may  be  taken  as 
examples  of  the  process. 

Preparation  of  PLyd/rocliloric  acid  Gas  (HCl).* 

50.  This  gas  is  easily  obtained  by  the  action  of  sulphuric 
acid  on  common  salt.  ^ 

To  the  beak  of  a  retort,  a  bent  tube  of  the  form  repre- 
sented in  fig.  15,  is  adapted  by  means  of  a  perforated 

we*Bhi?,t  •«  ^7**°  gravity  of  hydrochloric  acid  gas  is  1.269,  100  cubic  inches 
weighing  39.37  grams.   Its  atomic  weight  is  37.0,  and  its  atomic  volume  T 
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Fig.  15.  Preparation  of  Hydrochloric  Acid  Gas. 

cork ;  a  loose  roll  of  filtering  paper  is  introduced  into  the 
neck,  to  retain  any  moisture  that  may  distil  over;  and 
the  retort  is  charged  by  introducing  300  grains  of  dry 
chloride  of  sodium  (NaCl),  and  adding  to  it  six  fluid 
drachms  of  strong  s\dphuric  acid  {SO,SO.^).  Immediate 
eflfervescence  takes  place,  and  the  bent  tube  is  passed  into 
a  dry  bottle  of  about  a  pint  capacity,  which  should  be 
furnished  with  a  greased  stopper;  while  the  bottle  is  fillmg, 
the  mouth  may  be  loosely  closed  with  a  piece  of  card  or 

^^E»bserve  the  dense  fumes  which  are  formed  wherever 
the  gas  mixes  with  the  air,  especially  if  the  atmosphere  is 
damp,  owing  to  the  combination  of  the  gas  with  the  aqueous 
vapour.  The  bottle  may  be  considered  full  when  the  gas 
has  been  flowing  over  from  the  mouth  of  the  bottle  for  two 
or  three  minutes;  the  tube  should  then  be  cautiously 
withdrawn,  and  the  bottle  tightly  closed  with  the  stopper. 
Three  or  four  bottles  may  be  simflarly  fllled  with  the  gas, 
a  gentle  heat  being  appUed  if  necessary. 

The  decomposition  may  be  thus  represented  :— 
NaCl+S'0,'S03=NaO,S03+HCl. 

The  sulphate  of  soda  of  course  remains  in  the  retort. 

51  Ascertain  the  action  of  the  gas  on  a  lighted  taper. 

52  Eemove  the  stopper  from  one  of  the  bottles,  in- 
stantly close  it  again  with  a  dry  glass  plate,  (a  precaution 
which  is  on  no  account  to  be  omitted,  as  the  stopper  might 
in  that  case  become  immovably  fixed,)  and  plunge  it  with 
the  mouth  downwards  into  the  water  of  the  pneumatic 
trough    If  the  bottle  has  been  well  filled,  the  water  will, 


PBEPAEATION  OF  AMMONIACAL  GAS. 


25 


wlien  the  glass  plate  is  removed,  quickly  rise  and  nearly 
fill  it,  while  the  unabsorbed  residue  shows  the  quantity  of 
common  air  left  in  the  bottle.* 

This  experiment  must  not  be  made  without  first  re- 
moving the  stopper,  and  substituting  the  glass  plate  ;  if  it 
is  attempted  to  take  out  the  stopper  while  the  bottle  is 
under  water,  there  is  great  danger  of  its  becoming  so 
firmly  fixed,  as  to  be  almost  incapable  of  removal,  owing  to 
the  absorption  of  the  gas  by  the  water,  and  the  formation 
of  a  partial  vacuum. 

53.  Test  a  little  of  the  acid  solution  obtained  in  the 
last  experiment,  in  a  tube,  with  litmus  paper,  and  after- 
wards with  a  few  drops  of  solution  of  nitrate  of  silver 
{AgO,NO^).  The  white  precipitate,  which  is  chloride  of 
silver  (AgCl),  will  be  found  to  be  insoluble  in  nitric  acid, 
but  readily  soluble  in  ammonia  (429). 

54.  Eeserve  a  bottle  of  the  gas  for  an  experiment  (60) 
with  ammonia. 

SECTION  VIII. 

Preparation  of  Ammoniacal  Gas  (NH3).t 

55.  This  gas  may  be  prepared  in  a  similar  manner  to  the 
last ;  but  as  it  is  specifically  lighter  than  common  air,  the 
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Fig.  16.  Preparation  of  Ammoniacal  Gas. 


*  Water  at  common  temperatures  is  capable  of  dissolving  no  less  than  480 
times  its  own  volume  of  hydrochloric  acid.  The  liquid  hydrochloric  or 
muriatic  acid  of  commerce  is  a  solution  of  the  gas  in  water. 

t  The  specific  gravity  of  ammoniacal  gas  is  0..589,  100  cubic  inches  weigh- 
ing 18.288  grains.   Its  atomic  weight  is  17,  and  its  atomic  volume  2. 
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bottles  in  wMcli  it  is  collected  must  be  kept,  while  filling, 
with  the  mouth  downwards,  the  .deUvering  tube  passing 
upwards  to  the  top  (fig.  16);  the  neck  of  the  retort  should 
be  furnished  as  before  with  a  roll  of  filtering  paper. 

56.  Eeduce  300  grains  of  quick  lime  (CaO)  to  powder  1 
in  a  mortar,  and  slake  it  in  a  small  basin  with  a  drachm  i 
and  a  half  of  water ;  then  pound  400  grains  of  muriate  ! 
of  ammonia  (NH^Cl);  mix  the  powders  as  quickly  as  • 
possible,  and  without  loss  of  time  transfer  the  mixture  j 
to  the  retort.  The  foUowing  decomposition  takes  place: —  I 

NH,Cl+CaO=CaCl+^0+NH3.  j 
If  the  gas  does  not  come  over  rapidly,  a  gentle  heat  may  I 
be  appHed.    When  three  or  four  bottles  have  been  filled, 
proceed  with  the  following  experiments  : —  | 

57.  Observe  the  effect  of  the  gas  on  a  hghted  taper :  it 
extinguishes  the  flame,  and  at  the  same  time  shows  a  sUght 
tendency  to  burn  with  a  pale  green  flame. 

58.  Remove  the  stopper  from  one  of  the  bottles,  and  ] 
close  the  mouth  with  a  dry  glass  plate  (read  paragraph  52) ; 
then  invert  it,  and  having  placed  it  under  water,  remove 
the  glass  plate  and  observe  the  rapid  absorption.  That 
which  remains  unabsorbed  is  atmospheric  air.* 

59.  Test  the  Uquid  obtained  in  the  last 
experiment  (which  is  a  weak  solution  of 
ammonia)  with  turmeric  and  reddened 
litmus-paper  J  the  first  is  turned  brown, 
the  latter  has  the  blue  colour  restored. 

60.  Remove  the  stopper  from  a  bottle 
of  the  gas,  and  also  from  the  reserved 
bottle  of  hydrochloric  acid  (54),  replac- 
ing them  with  dry  glass  plates.  Then 
invert  the  latter  over  the  bottle  of  am- 
monia (fig.  17),  and  cautiously  remove 
the  glass  plates  so  as  to  allow  the  gases 
to  mix.  Dense  white  fumes,  consisting 
of  muriate  of  ammonia  (NH^Cl)  are  im- 
mediately produced,  which  in  a  short 
time  collect  in  flakes,  and  fall  hke  snow 
on  the  sides  and  bottom  of  the  vessels. 
In  this  combination  of  the  hydrochloric 
acid  with  the  ammonia,  considerable  heat 

J'lg- 17.         is  evolved. 


*  Water  at  common  temperatures  is  capable  of  absorbing  nearly  700  times 
its  volume  of  ammoniacal  gas. 


27 


CHAPTEE  III. 


DISTILLATIo:^^. 

SECTION  I. 

Distillation  of  Water. 

61.  Adapt  a  cork  to  tlie  neck  of  a  quilled  receiver,  and 
bore  a  hole  through  it  to  fit  the  neck  of  the  retort,  which 
should  pass  through  it  for  about  two  inches.    When  this 


Pig.  18. 

is  done,  the  apparatus  may  be  fitted  up  as  ^ 
shown  in  the  figure  (fig.  18).  The  funnel  f 
which  supphes  water  for  coohng  the  neck 
of  the  retort,  has  its  throat  partially  ob- 
structed by  a  plug  of  tow,  to  regulate  the 
flow  of  liquid ;  the  neck  of  the  retort  is 
covered  by  a  slip  of  bibulous  paper  of  the 
form  of  the  annexed  sketch  (fig.  19),  cut  of 
such  a  width  as  almost  completely  to  encircle 
the  neck  ;  and  between  the  lower  end  of  the 
paper  and  the  quill  receiver  a  thin  fillet 
of  tow  is  twisted  tightly  round  the  glass, 
to  carry  olF  the  superfluous  water,  which 
drops  mto  a  basin  placed  underneath  for 


Fig.  19. 


28 


DISTILLATION. 


its  reception.  The  qmll  of  .the  receiver  passes  iato  a  small 
flask  or  bottle,  which,  is  kept  unmersed  in  water  during 
the  process,  in  order  to  keep  it  cool. 

62.  When  the  apparatus  is  thus  arranged,  the  retort 
must  be  cautiously  charged  with  common  water  tUl  nearly 
half  full,  care  being  taken  that  none  of  it  gets  into  the 
neck,  as  it  would  run  down  into  the  receiver  and  con- 
taminate the  distilled  water,  which  should  otherwise  be 
pure.  The  upper  part  of  the  body  of  the  retort  beuig 
then  covered  with  a  conical  cap  of  paper  to  prevent  loss  of 
heat  by  currents  of  air  and  radiation,  the  lamp  may  be  ap- 
pHed,  care  being  taken  that  the  ebullition  does  not  go  on 
too  violently,  lest  any  of  the  impure  water  should  splash 
or  boil  over  into  the  neck  of  the  retort.  If,  instead  of 
boiling  quietly  and  uniformly,  the  water  ia  the  retort 
"  bumps,"  owing  to  the  sudden  disengagement  of  large 
bubbles  of  steam,  a  few  fragments  of  broken  glass  or  pla- 
tinum wire  may  be  placed  in  the  retort  .to  assist  the  for- 
mation of  small  bubbles  from  their  surface.  The  first 
ounce  of  water  that  comes  over  should  be  rejected  as 
impure,  after  which  two  or  three  ounces  may  be  distilled 
for  examination. 

63.  While  the  distillation  is  going  on,  another  portion  of 
the  water  operated  on  may  be  tested,  with  the  view  of  dis- 
covering some  of  the  impurities  present  in  it.  Fill  four 
test-tubes  about  one-third  full  of  the  undistilled  water, 
and  add  to  them  respectively  a  few  drops  of  the  following 
reagents. 


\\  tion  of   chloride  of  barium 


{a.)  To  the  first  add  a  solu- 


^^^^m       insoluble  in  nitric  acid,*  indi- 


)^  (SaCl);  a  white  precipitate, 


/  oflime{CaO,/S'03). 


cates  the  presence  of  sulphates 
(403),  most  commonly  sulphate 


Kg.  20.  sodium  {Na  CI)),  a  white  curdy 


(6.)  To  another  portion  add 
a  solution  of  nitrate  of  silver 
{AgO,NO,).  If  any  chloride 
is  present  (usually  chloride  of 


parison. 
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precipitate  of  chloride  of  silver  (AgCl)  will  be  produced, 
insoluble  in  nitric  acid,  but  readily  soluble  in  ammonia 
(429).  By  exposure  to  the  light  this  precipitate  gradually 
becomes  purple,  especially  when  the  water  contains  organic 
matter. 

(c.)  To  the  third  tube  add  a  httle  lime-ivater  (CaO  m 
water) :  a  white  precipitate,  soluble  in  niti-ic  acid,  shows 
that  carbonic  acid  (COg)  is  present  (420). 

(d.)  To  the  remaining  tube  oxalate  of  ammonia  {NH^O, 
C2O3)  may  be  added,  which  will  give  a  white  precipitate  if 
any  hme  is  present  (218) . 

64.  Test  the  distilled  water  in  the  same  way ;  if  pure 
it  will  of  course  furnish  no  precipitate  with  any  of  the 
reagents. 

65.  Evaporate  a  few  drops  both  of  the  distilled  and  un- 
distUled  water  on  platinum  foil  or  a  clean  slip  of  glass  :  a 
considerable  residue  will  probably  be  left  by  the  latter,  but 
no  trace  of  sohd  matter  ought  to  be  observable  where  the 
other  lay. 

66.  During  ebulhtion,  the  water  in  the  retort  usually 
becomes  turbid,  owing  to  the  formation  of  a  white  in- 
soluble powder,  which  may  be  separated  by  filtration  when 
the  distillation  is  over. 


Fig.  31.  Fig.  22. 

To  prepare  a  filter,  take  a  small  piece  of  white  filtering 
or  blottmg  paper,  and  fold  it  twice  from  side  to  side 
(tig.  21);  then  round  ofi"  with  scissors  the  projecting 
corners,  so  that  the  paper  may  fall  wholly  within  the 
funnel  (fig.  22).  Moisten  the  paper  placed  in  a  funnel 
with  distilled  water,  and  then  carefully  pour  in  the  liquid 
to  be  filtered,  using  a  glass  rod  to  conduct  it  (fig.  23)  (636). 

When  most  of  the  Hquid  has  passed  through,  the  white' 
powder  may  be  detached  with  a  knife  from  the  paper  and 
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Fig.  23. 


introduced  into  a  test  tube;  the  clear  solution  being 
reserved  for  examination  (68). 

67.  (a.)  Add  a  few  drops  of  dilute  niiric  acid  to  the 
powder  in  the  tube,  and  observe  that  it  dissolves  with 
effervescence,  indicating  that  it  is  a  carbonate  (419). 

(b.)  Supersaturate  the  solution  thus  obtained  with  am- 
monia, and  add  a  little  oxalate  of  ammonia  (NJI^O.C.^O^) : 
a  white  precipitate  shows  the  presence  of  lime  (218).  The 
powder  is  thus  proved  to  be  carbonate  of  lime  (CaO,COo). 
This  carbonate  of  lime  had  been  held  in  solution  by  the 
excess  of  carbonic  acid  contained  in  the  water ;  when  the 
gas  is  expelled  during  ebulHtion,  the  carbonate  is  pre- 
cipitated. 

68.  Test  the  solution  filtered  from  the  carbonate  of  lime 
in  (66)  with  chloride  of  barium,  nitrate  of  silver,  lime-ioater, 
and  oxalate  of  ammonia ;  and  compare  the  results  with 
those  obtained  in  (63),  when  the  water  was  exammed  in 
its  natural  state.  As  most  of  the  lime  has  been  separated 
as  carbonate,  we  may  expect  to  find  less  of  it  in  solution 
tlian  before,  but  more  of  the  sulphates  and  chlorides,  since 
they  still  remain  dissolved  in  a  more  concentrated  form. 
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SECTION  II. 


Distillation  of  Liquid  Sydrochloric  acid  (HCl  in  water). 

69.  Fit  up  the  apparatus  as  in  the  ordinary  process  of 
distilling  water  (61),  taking  care  that  all  the  joints  are  per- 
fectly tight;  then  remove  the  retort,  and  introduce  through 
the  tubulure  1000  grains*  of  dry  chloride  of  sodium  (NaCl) 
in  coarse  powder,  taking  care  that  none  of  the  particles 
fall  into  the  neck  of  the  retort :  then  adjust  the  apparatus 
as  before.  Measure  into  the  small  flask  or  bottle  which  is 
to  receive  the  distUled  acid,  12  fluid  drachms  of  water,  and 
mark  with  a  file  or  a  strip  of  waxed  paper,  the  height  at 
which  it  stands ;  and  havmg  emptied  it,  measure  into 
it  seven  drachms  of  distilled  water.  During  the  distilla- 
tion care  must  be  taken  that  the  quUl  of  the  receiver 
dips  under  the  surface  of  this  water,  which  will  assist  in 
condensmg  the  acid  fiimes,  some  of  which  might  otherwise 
escape. 

Into  a  small  evaporating  basin,  pour  seven  drachms  of 
water,  and  add  gradually  to  it  six  drachms  of  strong  sul- 
PT'^'^T^''^  (^a-SOj),  stirring  the  mixture  with  a  glass 
rod.  When  nearly  cool,  this  dilute  acid  may  be  poured 
carefully  mto  the  retort  through  a  small  funnel,  avoidiuff 
any  splashmg  or  soiling  of  the  neck.  A  gentle  heat  may 
then  be  app bed  which  must  be  regulated  according  to  the 
rapidity  with  which  the  acid  distils  over,  great  care  being 
taken  that  the  mixture  does  not  bod  over  into  the  neck  of 
tne  retort  (50). 

The  distillation  may  be  continued  until  twelve  drachms 
01  acid  have  come  over,  which  may  be  known  by  the  mark 
previously  made  in  the  receiving  flask. 

70.  The  acid  in  the  receiver  may  now  be  examined  as  to 
^  ^^}^^  a  test-tube,  dilute  it  with 
about  hree  times  its  bulk  of  water,  and  add  a  few  drops 
of  a  mluiion  oUhlortde  of  barium;  if  a  white  precipitate 

or  suipiiuric  acid  as  an  impurity  (403). 

tionXV^t  Z^^L^J       other  experiments,  small  quantities  are  men 
,  lessons  being  LS'two  hrrs?^^^^^  "^T  °'  "'r'"'""''  Chemis^ryX" 

are  wanteafor  ^:Z^i:J^;^^:t^^-X  ^Z^^ 
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71.  Evaporate  a  few  drops  of  the  acid  on  platinum  foU 
or  a  clean  slip  of  glass  :  no  trace  of  the  spot  where  it  lay- 
ought  to  remain.  Any  solid  residue  shows  the  presence 
of  some  saline  impurity,  caused  probably  by  a  little  of  the 
salt  employed  having  got  into  the  neck  of  the  retort,  and 
been  washed  down  into  the  receiver. 


SECTION  III. 
Distillation  of  Liquid  Ammonia  (NH3  in  water). 

72.  Prepare  the  apparatus  as  in  the  distUlation  of  hydro- 
chloric acid  (69).  ■  ^    i      -4.  •  4.^ 

Pound  450  grains  of  quick-hme  (CaO),  mtroduce  it  mto 
the  retort  through  the  tubulure,  and  pour  gradually  upon  it 
two  ounces  of  distiUed  water.  Measure  mto  the  receiving 
flask  or  bottle  fifteen  drachms  of  water,  and  mark  with  a 
file  or  waxed  paper  the  height  at  which  it  stands  ;  empty 
it  and  pour  in  two  drachms  of  distilled  water  for  the  quill 
of  the  receiver  to  dip  into  during  the  distillation. 

Weieh  out  530  grains  of  muriate  of  ammonia  (JN  JI4CI), 
dissolve  it  in  three  ounces  of  water  in  a  smaH  evaporatmg 
basin,  and  pour  the  solution  into  the  retort. 

The  distillation  may  now  be  commenced,  carefully  regu- 
lating the  heat,  and  continuing  it  until  the  distilled  liqmd 
readies  up  to  the  file  mark  in  the  receiver,  when  15  drachms 
will  have  been  collected. 

CeiO+NS,Cl=m,nO  +  CaCl. 

73  Pour  a  little  of  the  ammoniacal  solution  thus  pre- 
T,ared  £to  a  test-tube,  and  add  to  it  a  few  drops  of  cMoride 
InaZm:  if  a  precipitate  appears,  it  is  owing  to  the  pre- 
sence either  of  carbonic  or  sulphuric  acid.  To  distmguish 
between  them,  add  nitric  acid  m  shght  excess ;  if  the  pre- 
cfpilate  thereupon  dissolves,  it  is  carbomc  acid  (421) ;  if 

^'Jk^'^Lf  SSr'poition  of  the  ammoniacal  .solution 
•?it'nTfttle  TxaMe  of  ammonia;  if  a  white  precipitate  is 
£ed!^S  fs  ow£g  to^he  presence  of  lime  as  an  impurity 

7^  Sunersaturate  a  little  of  the  distilled  liquid  with 
nitek  adfi?  a  test-tube,  and  add  a  few  drops  of  a  solution 
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of  oiitrate  of  silver  {AgO,NO-^  ;  a  white  precipitate  indi- 
cates tile  presence  of  hydrochloric  acid  or  a  chloride.  If 
a  further  portion  of  the  ammoniacal  solution  be  added,  so 
as  to  render  the  hquid  alkaline,  the  precipitate  redissolves 
(429). 

76.  If  no  precipitate  occur  with  any  of  these  tests,  eva- 
porate a  few  drops  of  the  ammoniacal  solution  on  a  slip  of 
glass  or  platinum  foil,  and  observe  whether  any  trace  of 
saline  impurity  is  left. 


SECTION  IV. 


Distillation  of  Liquid  Nitric  Acid  (NO5  in  water). 

77.  Fit  up  the  apparatus  as  in  the  distillation  of  hydro- 
chloric acid  (69).  Introduce  into  the  retort  1000  trains  of 
nitrate  of  potash  (KCNO^);  pour  upon  it  ten  drachms  of 
strong-  su  phuric  acid  {HO, SO,)  previously  dUuted  with  an 
equal  bulk  of  water,  and  apply  a  gentle  heat,  observino- 
tJie  same  precautions  as  were  recommended  in  the  former 
cases  (61,  69). 

KO,NO,+2(^0,S03)=KO,S03,HO,S03+HO,N03. 

78.  While  the  distiUation  is  going  on,  dissolve  a  few 
crystals  of  the  nitrate  of  potash  in  diftilled  water  for  Z 
purpose  of  ascertaining  its  purity. 

(IHn  wn\  ^t'**^'  of  the  solution  with  nitrate  of  silver 
[AgO  JSO,);  if  any  chloride  is  present,  a  white  curdy  pre- 
cipitate appears,  which  is  insoluble  in  nitric  acid,  but 
readdy  soluble  m  ammonia  (429). 

_  If  the  nitrate  employed  is  contaminated  with  any  chlo- 
ride, the  acid  that  distils  over  is  sui-e  to  contain  a  little 
hydrochloric  acid  {RCl). 

riumlBacT)?^  portion  add  a  solution  of  c7.W.  ofba- 
rum  {BaClh  if  any  su  phates  are  present,  a  white  preci- 
pitate  IS  produced,  which  is  insoluble  in  nitric  acid  (403) 
hot  wn?''  ''^''^^  quantity  of  nitrate  of  potash  in 

af  it  S7;r      ^?P«f  f^ing  ^ddkg  the  salt  as  W 

as  It  is  taken  up  by  the  water  on  stirrine-  nour  Hip  Tw 
so  ution  into  anothe'r  basin,  and  observe  fheCadual  tr 
mation  of  crystals  as  it  cools.    Eemove  some  of  these  from 
the  liquid,  and  dry  them  on  filtering  paper;  th-f  i'f;^ 
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solve  them  in  distilled  water,  and  test  the  solution  as 
before,  with  nitrate  of  silver  and  chloride  of  barium.  The 

precipitates,  if  any, 
will  be  less  dense 
than  in  the  pre- 
vious examination, 
showing  that  a  par- 
tial purification  has 
been  effected. 

80.  The  distilled 
nitric  acid  may  now 
be  tested  for  im- 
purities, but  before 
the  test  liquids  are 
applied,  a  portion 
should  be  diluted 
with  four  or  iive 
Jig.  24.  times  its   bulk  of 

distilled  water,  since  the  chloride  of  barium  is  itf^lf  inso- 
luble in  strong  nitric  acid,  and  would  consequently  cause  a 
precipitate,  even  though  no  sulphuric  acid  were  present. 
T  poSion  may  then  bf  tested  for  sulphates  -f^f^^^^^ 
with  chloride  of  barium  and  nitrate  of  silver  (403,  4Z9). 

81.  if  the  distilled  acid  is  fomid  to  contain  s^dphunc  or 
hvdrocHoric  acids,  it  may  be  puriiied  from  them  by  add- 
STa  solution  of  nitrate  of  silver  as  long  as  any  precip^ag 
1^  produced,  and  re-distilling ;  when  those  acids  will  remam , 
behind  in  combination  with  the  oxide  ot  silver. 

^a+a-0,SO,+2(^^Oi^03)=AgCl+AgO,SO,-f2 

(HO,]N  Uj). 


CHAPTEE  lY. 

GLASS-WORKING. 


82.  The  most  -venient  form  of  a^^^^^^^^^ 
glass  on  the  ^-^^^  s^^^^^^^^^ 
consists  of  an  upright  box,  ao 

the  form  represented  m  fiS^«  compartments 
fy  to  wlthn.  about  half  an 
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incli  of  the  bottom,  thus 
leaving  a  communica- 
tion open  between  the 
two.    The  lower  end  of 
the  tube  b  is  closed  by 
a  valve  opening  out- 
wards, to  prevent  the 
escape  of  air  in  that 
direction  :     the  box 
should  be  filled  about 
half  fall  of  water,  and 
when  used,  air  is  blown 
through  the    tube  b. 
The  pressure  thus  oc- 
casioned in   the    com-  Kg.  25.  Water  Blowpipe, 
partment  c,  forces  a  portion  of  the  water  into  the  next 
division  d,  where  it  rises  to  a  higher  level  than  in  ^  .n^f 
by  1^  superior  pressure  forces  I  sL  am  of  aS- Thr'ou^h 

ox^len  loosed  c^mbLd!  teit^t^^rde^^^^^^^^ 


Fig.  26.  Blowpipe  Flame. 
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of  combustible  or  deoxidizing  matter,  but  ratber  an  excess 
of  atmospberic  oxygen ;  so  that  an  oxidized  substance  may 
be  placed  at  its  extremity  without  danger  of  deoxidation, 
unless  such  decomposition  is  effected  by  the  mere  heat 
of  the  flame,  independent  of  its  chemical  action;  on  the 
other  hand,  most  substances,  having  an  afiinity  for  oxygen, 
placed  within  its  influence,  become  oxidized  at  high  tem- 
peratures, and  hence  it  is  usually  called  the  oxidizing 

name.  t  j 

84.  The  English  flint  glass,  of  wliich  the  tubes  and  rods 
commonly  in  use  are  made,  contains  in  its  composition  a 
quantity  of  oxide  of  lead  (PbO),  which,  when  heated  in 
contact  with  deoxidizing  matter,  is  very  easily  decomposed. 
On  this  account  it  is  necessary,  in  heatmg  glass  with  the 
blowpipe,  to  take  care  that  it  does  not  approach  the  de- 
oxidizing flame,  but  is  kept  at  the  extremity  of  the  oxi- 
dizuio-  flame,  otherwise  a  black  stain  of  metallic  lead  will 
be  deposited  on  the  surface  of  the  glass.  Slight  stains 
of  this  description  may  generahy  be  removed  by  Jiolding 
the  glass  for  a  few  seconds  in  the  oxidizing  flame;  this 
converts  the  lead  again  into  oxide,  which  dissolves  m  the 

sT  Mahe  afeio  glass  stvrring  rods,  of  lengths  varying 
^rom  five  to  eight  inches.    To  do  this,  a  piece  of  sohd  rod, 
■'  ^  long   enough   to  make 

two  stirrers,  should  be 
held  at  a  short  distance 
from   the    extremity  of 
the  flame,  and  gradually 
brought  towards   it;_  a 
rotating    motion  being 
communicated  to  it  by 
means  of  the  finger  and 
thumb,  so  that  the  part 
where  the  heat  is  applied 
may  be  imiformly  heated 
all  roimd  (fig.  27).  When 
the  glass  begins  to  soften, 
it  should  be  gently  pulled 
with  both  hands,  until 
it    assumes    the  form 
represented  in  fig\ire  28, 
when  it  may  be  removed 


Fig.  27. 


GLASS-WOEKING. 


37 


from  the  flame;  and  having  been  scratched  with  a  file 
across  its  narrowest  part,  is  gently  broken  asunder  (fig.  29) . 
The  sharp  edges  are  then  held  in  the  flame  untd  they 


Fig.  28. 

are  round  and  uni- 
form (fig.  30);  after 
which  the  other  end 
may  be  worked  in 
the  same  way,  only 
making   it    rather  Fig.  29. 

more  tapering  and  pointed. 

Pig  30  ^""^  ^"ffeth^r  tiuo  rods  of  equal  diameter.  Por 

,  .  ■.  t^s  purpose,  take  two  short  pieces  of  rod,  the  ex- 
tremities of  which  are  smooth  and  flat,  and  hold  the  ends 
which  are  to  be  united  in  the  blowpipe  flame  untU  partial 
fusion  takes  place.  Then  with  a  steady  hand  brine  them 
together,  observing  that  the  edges  of  both  coincide,  and 
press  them  gently  so  as  to  cause  them  to  cohere  perfectly 
together.  Eeep  the  newly-formed  joint  in  the  flame  fS 
some  minutes,  turnmg  it  constantly  round  and 
alternately  pulUng  and  pushing,  in  order  to  weld 
the  two  pieces  firmly  together.  When  this  is 
properly  done,  the  rod  is  as  strong  at  the  iunc- 
tiou  as  m  any  other  part,  but  a  slight  inequality 
will  always  be  visible,  however  neatly  the  opera- 
tion may  have  been  performed. 

87.  MaJce  a  specific-gravity  glass  of  the  form 
and  size  shown  in  fig.  31  (149). 

88.  Make  a  small  syphon  tube.  Take  a  piece 
01  tubing  ten  or  twelve  inches  long,  and  a  fourth 
or  a  thu-d  of  an  inch  in  diameter,  and  hold  it 
diagonally  m  the  flame  of  a  gas  or  spirit-lamp, 
turning  it  constantly  round,  and  by  gently  mov- 
mg  it  up  and  down  in  the  flame,  heating  two  or 

m!  ''"^^^^^  P^^fc  of  tube, 

wnen  the  glass  begins  to  soften,  apply  a  gentle 
pressure  with  both  hands,  so  as  to  bemfit  sfowly 
fnrrn'T  "^^^^^     l^^s  assumcd  the 

form  shown  in  fig.  32.  If  the  tube  is  too  strongly  heated 
or  If  the  pressure  bo  too  strongly  and  suddenl/appl  ed 


Fig.  31. 
Specific- 
gravity 
glass. 
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the  bend,  instead  of  being  round  and  uni- 
form, will  be  abrupt  and  -wrinkled,  in 
wbicli  case  it  is  very  liable  to  crack,  either 
spontaneously,  or  when  exposed  to  slight 
variations  of  temperature.  The  extremi- 
ties of  the  tube  must  now  be  rounded  off 
by  being  heated  to  redness  for  a  moment 
in  the  flame  of  the  blowpipe.  "When  the 
glass  operated  on  is  at  all  thick,  or  of  an 
unequal  form,  some  care  is  necessary  in 
annealing,  or  gradually  cooling  it :  this 
may  be  effected  by  removing  it  slowly  from 
the  flame,  and  then  laying  it  across  a  piece 
of  tube,  so  that  the  hot  part  does  not  touch 
any  cold  substance,  and  covering  it  loosely 
with  paper,  to  prevent  too  rapid  cooling 
by  radiation. 

89.  MaTce  a  few  test-tubes.  A  piece  of  tube  may  be  taken 
about  half  or  five-eighths  of  an  inch  in  diameter,  and  eight 
or  ten  inches  long,  which  will  serve  for  two  test-tubes. 


Fi^.  33. 


Pig.  32. 
Syphon  tube. 


Fig.  34. 


Making  Test-tubes. 

The  central  portion  must  be  heated  in  the  manner  de- 
scribed for  heating  glass  rod  (85),  and  gradually  drawn  out, 
the  tube  being  constantly  turned  round,  when  it  wiU 
assume  the  form  shown  in  fig.  33.  The  heat  should  now 
be  applied  to  the  part  of  the  tube  marked  a,  and  the  other 
piece  gradually  drawn  out,  care  being  taken  not  to  fuse 
the  thin  thread  of  glass  that  is  formed,  and  which  connects 
the  two  parts  of  the  tube  (fig.  34),  until  the  base  of  the 
tube  has  become  round  and  uniform ;  when  this  is  the 
case,  and  the  connecting  thread  has  become  very  thm, 
the  heat  may  be  appHed  to  the  point  where  it  joms  the 
tube,  when  it  will  instantly  fuse  and  separate,  leaving  the 
tube  in  an  almost  finished  state.  There  will  generally  be 
found  at  the  bottom  of  the  tube,  however,  a  small  lump, 
more  or  less  distinct,  formed  by  a  portion  of  the  thread 
having  fused  into  it;  to  remove  this,  agam  heat  the 
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round  end  red-liot  for  a  short  time,  imtil  the  lump  disap- 
pears. On  removing  the  tube  from  the  flame,  blow 
air  gently  into  it,  for  the  purpose  of  swelling  out 
the  bottom  to  its  previous  round  form  (fig.  35),  as 
it  usually  collapses  and  flattens  while  in  a  state 
of  fusion. 

90.  The  other  portion  of  the  tube  may  now  be  -p.  gg 
finished  in  a  similar  way,  by  applying  heat  to  the 
point  h,  and  drawing  ofi*  the  irregular  termination  until  the 
thread  of  glass  is  sufficiently  attenuated  to  be  removed. 

When  it  is  required  to  make  a  test-tube  of  a  piece  of 
tubing  only  long  enough  for  one,  all  that  is  necessary  is  to 
melt  on  to  one  end  another  piece  of  waste  tubing  or  rod, 
to  serve  as  a  handle,  after  which  the  end  may  be  drawn 
ofi",  as  in  the  former  case. 

91.  To  complete 
the  tube,  the  open 
endmustbe  spread 
out  a  little,  as 
shown  in  fig.  36, 
so  as  to  form  a 
kind  of  border. 
This  is  done  by 
softening  the  end 
in  the  blowpipe 
flame,  and  then,  by 
means  of  a  thick  ^^^g-Se.  MaMng  Test-tubes. 

iron  wire,  or  the  smooth  end  of  a  file  (which  should  be 
previously  heated  by  being  held  in  the  fiame),  introduced 
and  carried  round  the  opening,  the  edge  is  uniformly 
pressed  outwards. 

92.  _  Cement  together  ttuo  tubes  of  equal  diameter.  This  is 
done  in  a  similar  manner  to  that  already  described  in  the 
case  of  rods  (86).  It  requires,  however,  more  care  and 
dexterity  to  maintain  the  tube  of  nearly  uniform  thickness 
at  the  pomt  of  junction,  as  it  is  liable  to  collapse  and  be- 
come irregular  m  form.  When  it  does  so,  one  end  of  the 
tube  should  be  stopped  up  with  a  bit  of  cork  or  by  herme- 
tically sealing,  and  while  the  junction  is  in  a  state  of  semi- 
lusion,  air  should  be  gently 

blown  into  the  tube:  in  this  

way  it  may  be  brought  again  ty^^^^ 

into  a  proper  form.  When  the      r,-^  on  ^ 

glass  is  thin,  the  edges  which      ^'S-'^^-  ^^"bes  united. 
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are  to  be  united  may  be  spread  out  a  little,  as  sliown  in 
fig.  37,  by  means  of  a  heated  wire  or  file  (91),  when  the 
joint  wUl  be  stronger  than  it  would  otherwise  be. 

93.  Cement  together  two  tubes  of  unequal  diameter. 
When  it  is  required  to  join  a  narrow  tube  to  a  wider  one, 
it  is  necessary  to  draw  out  the  latter  m  the  blowpipe  flame 
until  a  portion  of  it  is  contracted  to  the  diameter  of  the 
former  (85) ;  then  with  a  file  it  is  divided  at  that  point  of 
equal  diameter,  and  cemented  to  the  smaller  tube  in  the 
same  way  as  in  the  previous  case.  Sometimes, 
when  the  glass  is  thin,  it  is  advisable  to  widen  the 
extremity  of  the  smaller  tube,  so  as  to  overlap  the 
other  (fig.  38),  which  is  readily  done  by  means  of 
an  iron  wire  (91). 


Fig.  3S.  Funnel  tube. 
In  this  operation,  it  is  always  advisable  to  main- 
tain the  junction  in  the  flame  for  some  httle  time, 
to  allow  of  the  complete  amalgamation  of  the  two 
portions  of  glass  ;  and  as  the  tendency  to  collapse 
39.  -g  greater  the  longer  it  is  fused,  it  will  generally  be 
found  necessary  to  blow  it  out  slightly,  as  recom- 
mended in  (92). 
In  this  way,  some  small  funnels  may  be  made  (fag.  d9j. 

94.  Prepare  tubes  for  a  toashing 
bottle.  The  tubes  required  for  this 
purpose  are  of  the  form  shown  in 
fig.  40,  the  upper  end  of  the  longer 
one  being  drawn  out  so  as  to  leave 
only  a  small  aperture. 

When  the  bottle  is  prepared  and 
filled  with  water,  a  small  stream  of 
water  may  be  forced  through  this 
tube  by  blowing  air  down  the  shorter 
one ;  it  is  of  great  service  in  washing 
precipitates  on  a  filter,  and  for  many 
other  purposes  (169). 

95.  Prepare  tubes  for  a  sulphuretted 
Ti*  40  Washing     hydrogen  {hydrosulphuric  acid)  appa- 

borne!  ^    ratus.    The  form  of  apparatus  used 
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for  generating  hydrosulpliuric  acid,  and  passing  it  into 
water  or  saline  solutions,  is  represented  in  fig.  41  (699). 


Fig.  41.  Sulphuretted  Hydrogen  Apparatus. 

The  finer  tubes,  d  and  /,  may  usually  be  bent  in  the  naked 
flame  (88),  the  extremities  being  afterwards  slightly  fused 
with  the  blowpipe  in  order  to  round  off  the  sharp  edges ; 
and  care  must  be  taken  that  the  wider  tube  e  is  of  sufficient 
calibre  to  admit  of  the  tube  d  passing  freely  down  it. 
96.  Attack  a  narrotu 


tube  at  right  angles  to  a 
wider  one.  Heat  the 
wider  tube  to  redness 
at  the  point  where  the 
junction  is  to  be  made  ; 
and  by  means  of  a  bit  of 
waste  rod  or  tubing  c 
(fig.  42),  draw  it  out, 


Fig.  43. 


Fig.  42. 


when  it  wiU  assume  the  form  represented  in  the  figure : 
then  with  a  shai-p  file  remove  the  portion  c  at  the  point  b, 
and  fuse  to  the  projecting  piece  thus  left  the  smaller  tube, 
in  the  manner  described  in  (93). 

97.  Slow  some  small  bulbs.  When  it  is  required  to  blow 
a  bulb  at  the  end  of  a  tube,  the  extremity  should  be  closed 
as  in  making  a  test-tube  (89);  if  the  glass  is  tolerably 
thick,  and  the  bulb  to  be  blown  not  large,  all  that  is 
necessary  is  to  heat  the  end  for  about  half  an  inch  as 
strongly  as  possible  ;  and  then,  having  removed  it  from 
the  flame,  and  holding  it  horizontally  in  the  hands  (fig.  44), 
to  blow  air  into  it  until  the  pressure  forces  the  softened 
glass  to  expand,  which  it  will  do  in  the  form  of  a  round 
bulb  if  the  heat  has  been  properly  applied,  and  the  tube 
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be  kept  constantly  turned  round 
wliile  in  tlie  hands.  Tliis  latter 
precaution  is  absolutely  neces- 
sary, as  tbe  softened  glass  would 
otherwise  bend  with  its  own 
weight  in  one  direction,  thus  de- 
stroying the  proper  form  of  the 
tube. 

98.  Seal  a  few  tubes  Jierme- 
tically  at  both  ends.  This  is  an 
operation  of  very  frequent  nse  in 
the  laboratory,  as  it  furnishes 
the  most  convenient  and  efficient 
means  of  preserving  small  speci- 
mens of  many  rare  substances, 
especially  such  as  are  volatile. 

The  tube  is  first  sealed  at  one  end,  precisely 
aa  if  it  were  intended  for  a  test-tube  (89) :  the 
liquid  or  other  substance  for  which  it  is  designed 
is  then  introduced,  as  soon  as  the  tube  is  quite 
cold,  care  being  taken  that  the  upper  part  of  the 
tube  is  not  wetted  or  soiled.    The  flame  of  the 
lolowpipe  is  now  directed  to  the  portion  of  the 
tube  a  little  above  that  intended  for  the  sealed 
end,  and  when  sufficiently  soft  it  is  drawn  out  to 
a  capillary  tube,  and  allowed  to  cool :  it  may 
afterwards  be  sealed  by  fusing  the  lower  part  of 
45.  the  capillary  tube  a  (fig.  45),  by  momentaiy  con- 
tact with  the  flame. 
In  this  way  seal  a  little  sulphur  in  a  tube  without  melt- 
ing or  volatibzing  any  of  it,  the  sulphur  being  within  an 
inch  and  a  half  of  the  upper  end.  . 

99.  Seal  some  iuater  hermetically  in  a  tube.  Having 
sealed  the  tube  at  one  end,  while  it  is  cooling  take  another 
piece  of  tubing,  which  may  be  eight  or  mne  mches  long, 
and  a  quarter  of  an  inch  in  diameter,  and  draw  it  out  m 
the  blow-pipe  flame ;  then  divide  it  in  the  thin  part  by 
means  of  a  file,  when  it  wiU  have  the  form  shown  m  fig.  46; 


Fig.  46. 

and  when  the  sharp  edges  have  been  rounded  off  in  the 
blowpipe  flame,  may  be  used  as  a  pipette  for  mtroducmg 
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a  little  water  into  the  sealed  tube  without  wetting  its 
sides. 

Then  draw  out  the  capillaiy  neck  (98),  and  when  cold 
seal  it  as  before,  leaving  not  more  than  the  space  of  an 
inch  between  the  upper  end  and  the  surface  of  the  water. 


CHAPTEE  V. 

EXPEEIMENTS  WITH  THE  MOUTH  BLOWPIPE. 

100.  Before  proceeding  to  any  blowpipe  experiments,  it 
is  necessary  to  acquire  the  knack  of  keeping  up  a  constant 
and  unintermitting  blast  of  air  from  the  mouth,  as  without 
this  it  is  impossible  to  raise  the  heat  to  a  sufficient  degree 
of  intensity.  The  habit  is  readily  acquired,  and  when 
once  attained,  the  mouth  and  lungs  will  be  found  to  do 
their  work  almost  mechanically,  without  any  sustained 
effort  on  the  part  of  the  operator. 

101.  The  learner  may  first  observe  that  on  closing  the 
lips  he  can  still  without  any  difficulty  breathe  through  the 
nostrils  :  let  him  now  distend  the  cheeks  with  air  from  the 
lungs,  and  he  will  find  that  on  closing  the  communication 
between  the  mouth  and  throat  he  can  breathe  through  the 
nostrils  for  a  length  of  time,  still  keeping  the  cheeks  dis- 
tended. He  may  next  introduce  the  mouth-piece  of  the 
blowpipe  between  his  lips,  and  having  puffed  out  his 
cheeks  with  air  from  the  lungs,  and  again  closed  the  com- 
munication between  the  mouth  and  throat,  let  him  breathe 
freely  through  the  nostrils,  at  the  same  time  allowing  the 
distended  cheeks  to  force  a  current  of  air  through  the 
blowpipe.  When  the  stock  of  air  in  the  mouth  is  nearly 
exhausted,  a  fresh  supply  is  sent  up  from  the  lungs,  when 
the  cheeks,  again  distended,  will  by  their  elasticity  keep  up 
a  current  of  air  through  the  blowpipe,  while  the  operator 
breathes  through  the  nostrils  as  before. 

The  cheeks  thus  play  the  part  of  an  elastic  bag,  with  a 
valve  opening  inwards,  which,  if  connected  with  the  blow- 
pipe, and  distended  with  air,  would  force  air  through  it  as 
long  as  the  tension  of  its  stretched  sides  exerted  sufficient 
pressure. 

302.  Seal  a  few  tubes  for  the  following  experiments 
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(fig.  47).  The  tubing  employed  for  this  purpose  should  be 
about  a  quarter  of  an  inch  in  diameter,  and  it  may  be  cut 
into  pieces  about  five  inches  long,  each  of  which  will  serve 
for  two  tubes.  The  sealing  should  be  effected  in  the 
manner  already  described  (89),  and  the  same  care  relative 
to  the  deoxidizing  flame  is  necessary,  as  when  the  water 


a  carbonaceous  residue.  The  acid  character  of  the  vapour 
may  be  seen  by  introducing  a  -strip  of  moistened  litmus- 
paper  into  the  upper  part  of  the  tube  while  the  decom- 
position is  going  on,  when  it  will  be  speedily  reddened. 

104.  Treat  a  fragment  of  horn  (C^gH39]N'70];),or  isinglass 
(CgeHgjNigOgg),  simllarly,  in  another  tube  :t  observe  the 
character  of  the  carbonaceous  residue,  and  introduce  a  bit 
of  yellow  turmeric  paper,  which  will  be  turned  brown, 
showing  that  the  vapour  is  alkaline ;  this  is  owing  to  the 
presence  of  ammonia  (NH^),  which  is  almost  invariably 
produced  when  an  organic  compound  containing  nitrogen 
is  decomposed  by  heat.  The  odour  of  the  fumes  should 
also  be  noticed,  and  contrasted  with  those  formed  in  the 
last  experiment. 

105.  Heat  a  little  gypsum  or  sulphate  of  lime  (CaCSOj 

*  In  this  and  most  of  the  following  experiments,  especially  when  the  sub- 
stance operated  on  is  of  a  deleterious  or  poisonous  nature,  the  quantity  used 
should  not  exceed  a  pin's  head  in  size. 

t  When  a  tube  is  at  all  soiled  in  an  experiment,  it  is  unfit  for  further  use. 


blowpipe  is  used  (84). 


Pig.  47. 


103.  Heat  a  small  frag- 
ment of  wood  or  paper  in 
a  tube,  and  observe  that  it 
blackens  like  all  organic 
substances.*  This  black- 
ening or  charring  is  owing 
to  the  decomposition  of  the 
lignine,  which  consists  of 
CjjHjoOio;  when  exposed 
to  a  high  temperature  the 
hydrogen  and  oxygen,  with 
a  portion  of  the  carbon, 
pass  off"  in  the  form  of 
acetic  or  pyroligneous  acid 
(HO,C,H'303)  and  tan-y 
matter,  with  other  volatile 
compounds,  leaving  behind 
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+  2Aq)  in  a  tube,  and  note  whether  it  undergoes  any 
change.  It  parts  with  the  two  equivalents  of  water  of 
crystalhzation,  which  condense  in  the  upper  part  of  the 
tube. 

106.  Treat  a  crystal  of  sulphate  of  iron  (FeO.SOg+TAq) 
in  a  similar  manner,  observing  the  successive  changes 
which  are  produced,  and  examine  the  liquid  which  con- 
denses in  the  upper  part  of  the  tube,  with  litmus-paper. 

When  first  heated,  six  equivalents  of  water  are  expelled, 
leaving  a  whitish  powder,  which  consists  of  the  sulphate 
with  one  equivalent  of  water  (reO,S03,IIO).  On  con- 
tinuing the  heat,  the  sulphuric  acid  is  volatihzed,  a  portion 
of  it  being  decomposed  by  the  protoxide  of  iron,  which 
is  converted  into  peroxide  by  the  oxygen  derived  from  the 
acid. 

107.  Eepeat  the  experiment,  using  sulphate  of  potash 
(K0,S03)  instead  of  sulphate  of  iron:  the  decrepitation  is 
owing  to  the  escape  of  a  little  water,  which  is  mechanically 
lodged  between  the  plates  of  the  crystals.  The  salt  under- 
goes no  further  change. 

108.  Sublime  a  little  calomel  (HgCl),  and  corrosive  subli- 
mate (HgCla)  in  two  separate  tubes,  and  note  the  different 
appearances  which  are  presented  in  both  cases. 

109.  Heat  a  little  red  oxide  of  mercury  (HgO..)  in  a  tube; 
observe  the  rapid  change  which  it  undergoes,  and  the 
minute  globules  of  metallic  mercury  which  condense  in 
the  upper  part  of  the  tube.  If  a  glowing  match  be  intro- 
duced while  the  decomposition  is  going  on,  it  will  indicate, 
by  its  vivid  combustion,  the  presence  of  free  oxygen' 
especially  if  the  open  end  of  the  tube  be  loosely  closed 
with  the  finger,  to  retard  the  escape  of  the  disengaged 
oxygen. 

Hg02=^y+20. 

ff^^ri  .-^^P^^*  experiment  with  some  red  oxide  of  lead 
tt'baOj,  and  observe  in  what  respects  the  results  difier 
trom  the  last.  The  yeUowish  residue  which  is  left  is  prot- 
oxide of  lead  or  Htharge  (PbO),  one  fourth  of  the  oxygen 
being  expelled.  "^^ 

Pb30,=3PbO-f  O. 
111.  Heat  a  little  arsenious  acid  (AsOg)  in  a  tube,  and 
observe  closely  the  characters  of  the  crystalline  sublimate 
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112.  Mix  togetlier  equal  portions  of  nitre  (ECNO,)  and 
bisulpliate  of  potash  (KO,HO,2S03),  and  heat  the  mixture 
in  a  tube ;  test  the  nitrous  vapour  which  is  given  off,  with 
litmus-paper,  and  endeavour  to  account  for  its  formation. 

113.  Heat  a  mixture  of  pounded  iiuor  spar  (CaF)  and 
bisulphate  of  potash  (KO,HO,2S03)  in  a  glass  tube.  The 
corrosive  action  on  the  glass  is  owing  to  the  formation  of 
hydrofluoric  acid  (HF). 


KO,HO,2S03+CaF=HF  +  CaO,S03+KO,S03. 


114.  Mix  a  little  iodide  of  lead  (Pbl)  with  bisulphate  of 
potash,  and  heat  the  mixture  in  a  tube:  the  beautiful 
violet-coloured  vapour  which  rises  and  condenses  in  the 
upper  part  of  the  tube  is  iodine. 


PbI+KO,HO,2S03=PbO,S03+E:0,S03+H+L 


115.  Fuse  a  little  phosphate  of  lead  (SPbCPOj)  on 
charcoal,  and  observe  the  semi-transparent  crystaUiae 
appearance  of  the  bead  on  cooling  (412).* 

116.  Heat  a  little  oxide  of  zinc  (ZnO)  on  charcoal;  ob- 
serve that  it  assumes  a  yeUow  colour  when  heated,  but 
becomes  white  again  on  cooling. 

117.  Notice  the  change  of  colour  that  ensues  when  chro- 
mate  of  lead  (PbO,Cr03)  is  gently  heated,  and  observe 
whether  the  yellow  colour  returns  on  coohng. 

118.  Eepeat  the  experiment  with  red  oxide  of  mercury 
(HgO..),  taking  care  that  the  heat  is  not  raised  so  high  as 
to  cause  decomposition  (109). 

119.  Mix  together  a  little  chalk  (CaO,CO„)  and  charcoal, 
and  ignite  the  mixture  in  a  tube:  carbonic  oxide  gas  is  given 
off,  which,  if  formed  in  sufficient  quantity,  wiU  burn  with 


a  blue  flame. 


CaO,C02+C=CaO+2CO. 


120.  Heat  a  smaU  crystal  of  carbonate 
or  any  other  salt  of  soda  on  platinum 
wire  (which  should  be  fused  into  a  glass 
handle,  and  bent  at  the  end,  as  shown  in 


*  When  charcoal  is  used  as  a  support  in  blowpipe 


Fiji.  49.  Charcoal- 
holder. 


of  tin  plate,  in  the  manner  shown  in  tg.  49. 
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fig.  48),  and  observe  the  intense  yellow  colour  it  commu- 
nicates to  the  blowpipe  flame.  Then  wash  the  wire,  and 
compare  its  action  on  the  flame  with  that  caused  by  the  soda. 


Fi^.  48. 

121.  Eepeat  the  experiment,  using  nitrate  of  strontia 
(SrO.NOj)  instead  of  the  soda:  the  colour  of  the  flame 
wlU  become  crimson. 

122.  Heat  a  httle  chalk  or  marble  (CaOjCO^)  on  char- 
coal, and  note  the  dazzling  white  hght  which  is'produced, 
showing  that  the  illuminating  power  of  flame  is  not  de- 
pendent only  on  the  degree  of  heat,  but  on  the  presence  of 
some  soHd  matter  in  the  flame;*  since  the  blowpipe  flame, 
which  heats  it,  and  which  is  of  course  at  least  as  hot  as 
the  lime,  emits  scarcely  any  perceptible  light. 

During  the  ignition,  the  carbonate  of  Hme  is  decomposed, 
and  caustic  lime  (CaO)  is  left,  the  alkahne  nature  of  which 
may  be  shown  by  placing  a  fragment  of  it,  after  ignition, 
on  moistened  turmeric  paper,  which  will  become  brown  at 
the  point  of  contact. 

123.  A  piece  of  alumina  (AI2O3)  or  alum  (Al^Og,  3SO3+ 
EO.SOg-f  24Aq)  ignited  in  the  flame,  radiates  a  faint  bluish 
light. 

124.  Dip  a  glass  rod  in  a  solution  of  nitrate  of  cobalt 
{CoO,NO^),^  and  moisten  a  small  crystal  of  alum  with  it; 
then  ignite  it  on  charcoal  for  a  few  minutes,  and  observe 
the  beautiful  blue  colour  which  it  assumes.  This  is  a 
highly  characteristic  test  for  alumina. 

125.  Eepeat  the  experiment,  with  sulphate  of  magnesia 
(MgO,S03+7Aq),  which,  when  ignited  with  nitrate  of 
cobalt,  gradually  assumes  a  pale  rose  colour. 

126.  A  salt  of  zinc,  as  the  sulphate  (ZnO,S03+7Aq), 
when  similarly  treated,  becomes  green. 

It  is  easy  therefore  to  distinguish  between  alumina 
magnesia,  and  zinc,  in  this  simple  manner. 

127.  Heat  a  fragment  of  tin  in  the  deoxidizing  flame 
until  It  fuses  into  a  bright  metallic  globule;  when  white 
hot,  throw  it  on  the  table,  when  it  will  divide  into  nume- 
rous small  globules,  which  run  rapidly  about,  burning  with 

^  ?(S  6^'  ""^"^  ^^^^""^  ^^^'""'^  ^^^"^  "^^^^  ^^^^  °^ 


See  DanieU's  Chemical  PhUosophy,  p.  361. 
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128.  Heat  another  fragment  of  tin,  and  keep  it  fused  and 
bright  in  the  deoxidizing  flame  for  two  or  three  minutes; 
then  oxidize  it  in  the  outer  flame,  and  again  reduce  it  to 
the  metallic  state. 

129.  Heat  a  little  acetate  of  lead  (PbO.C^HgOa+SAq) 
on  charcoal:  observe  first  the  liberation  of  acetic  acid 
(H 0,0413303)  and  the  deposition  of  a  portion  of  the  car- 
bon; and  on  a  further  application  of  heat,  the  oxide  of 
lead  first  deposited  is  reduced  to  the  metallic  state,  espe- 
cially when  it  is  kept  in  the  deoxidizing  flame.  The 
yellow  ring  which  surrounds  the  metallic  bead  is  protoxide 
of  lead  (PbO). 

130.  Eeduce  oxide  of  bismuth  (BioOg)  in  the  same  way: 
compare  the  beads  of  the  different  metals  thus  obtained, 
as  to  outward  appearance,  crystalline  structure,  mallea- 
bility, &C.  ,n  r>. 

131.  Heat  a  small  crystal  of  sulphate  of  copper  (OuU, 
SOg+SAq)  in  the  reducing  flame  on  charcoal,  and  observe 
the  successive  changes  which  it  undergoes;  first  into  black 
oxide  (CuO),  and  ultimately  into  a  bead  of  metallic  copper. 
Hammer  out  the  globule,  so  as  to  render  visible  its  pecu- 
liar colour.  ,  , 

132.  Mix  together  a  little  sul- 
phate of  baryta  (BaO.SOa)  and  char- 
coal in  a  mortar,  and  fold  a  small 
quantity  of  the  mixture  under  one 
corner  of  a  slip  of  platinum  foil 
(fig.  50).  Heat  it  strongly  in  the  blow- 
Fii5.50.  p-pg  flame,  and  when  the  ignited 

mixture  is  cool  again,  put  it  into  a  small  tube,  and  treat  it 
with  a  drop  or  two  of  dilute  hydrochloric  acid  (HCl). 
Observe  the  eff"ervescence  caused  by  the  escape  of  hydro- 
sulphuric  acid  gas  (HS),  which  may  be  recogmsed  by  its 
pecuhar  odour,  and  by  a  piece  of  paper  moistened  with  a 
solution  of  acetate  of  lead,  which  is  instantly  b  ackened 
bv  it  f438).  In  this  experiment  the  sulphate  of  baryta  is 
deoxidized  by  the  charcoal,  becoming  sidphide  of  barium 
(BaS),  which,  when  acted  on  by  hydrochloric  acid,  is  de- 
composed, and  hydrosulphuric  acid  hberated. 

DecoinposUion  during  ignition. 
BaO,S03+2C=BaS+2C02. 
Decomposition  caused  hy  tie  hydrochloric  add. 
BaS+.2'CT=j5aCZ-|-HS. 
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133.  Sublime  a  little  sulpliur  in  a  small  tube  open  at 
both  ends :  wKUe  in  the  state  of  vapour  in  contact  witb 
tbe  atmospheric  oxygen,  it  becomes  converted  into  sulphu- 
rous acid  (SOo),  the  presence  of  which  may  be  shown  by 
its  property  of  reddening  litmus  paper  when  moistened, 
and  bleachrag  it  when  dry :  its  smell  also  is  well  known 
and  characteristic. 

134.  Heat  a  small  quan-  ^,  ^ 
tity  of  sulphide  of  anti- 
mony (SbSg)  in  an  open 
tube  (fig  51) :  observe  the 
formation  of  oxide  of  anti- 
mony (SbOg),  which  ap- 
pears as  white  fumes,  and 
test  for  the  presence  of  sul- 
phurous acid  (SOo)  as  in 
the  last  experiment.  Here 
the  oxygen  of  the  air  has 
oxidized  both  the  sulphur 
and  the  metal. 

135.  Scoop  out  a  cavity  in  a  piece  of  charcoal  a  (fio-.  52) 
and  nearly  fill  it  with  a  paste  made  of  phosphate  of  lime 
(8CaO,3P05)  and  water,  b:  dry  it  on  ^ 
the  sandbath,  and  when  quite  dry, 
place  a  fragment  of  lead  upon  it.  Ex- 
pose it  to  the  oxidizing  fiame,  and  ob- 
serve that  the  oxide  of  lead  (PbO)  as         -Fig.  53. 
it  is  formed,  is  absorbed  by  the  porous  phosphate  of  lime 
whde  any  sdver  which  may  be  present,  is  left  unoxidized! 
as  a  smaU  metalhc  bead.    This  process  is  called  cupel- 

136.  Fuse  a  little  carbonate  of  soda  (NaO,CO,)  on  char- 
coal,  and  observe  that  it  is  absorbed,  owing  to  the  capillarv 
attraction  of  the  porous  charcoal.  J 

137.  Make  a  bead  of  glass,  by  fusing  a  mixture  of  car- 
bonate of  soda  and  silica  (SiOg)  (427). 

•  l?^'i^?^  ^  ^-^^^  sulphate  of  Hme  to  the  bead  formed 
in  the  last  experiment :  heat  it  strongly  in  the  deoxidizing 
flame,  and  remark  the  yellow  colour  which  it  assumes 
owmg  to  the  formation  of  sulphide  of  sodium  (NaS) 

NaO,Si03+CaO,S03=CaO,Si03+40+I^aS.' 
139.  Mix  a  Uttle  black  oxide  of  manganese  (MnO,)  with 
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carbonate  of  soda  (NaOjCOo)  and  fuse  it  on 
platinnm  wire :  remark  tke  cliaracteristic  green 
colour  which  is  produced  (267). 

140.  Mix  together  a  little  arsenious  acid 
(AsOg)  (a  quantity  not  greater  in  bulk  than  a 
small  pin's  head)  (301)  and  black  flux  (which 
is  a  mixture  of  carbonate  of  potash  and  finely- 
divided  charcoal  (751)  )  :  ignite  the  mixture 
in  a  tube  closed  at  one  end,  and  observe  the 
crust  of  metallic  arsenic  which  is  deposited  in 
the  upper  part  of  the  tube  (fig.  53)  (303). 
"^^f'irsenic^^  141.  Eemove  with  a  file  the  closed  end  of 
o  seme.  ^^^^  nsed  in  the  last  experiment,  and 
holding  it  diagonally,  direct  the  flame  of  the  blowpipe  on 
the  arsenical  crust ;  notice  the  white  crystalline  deposit  of 
arsenious  acid  (AsOg)  which 
condenses  in  the  cool  part  of 
the  tube,  and  examine  with  a 
lens  the  beautiful  octohedral 
crystals  of  which  it  is  com- 
posed (fig.  54). 

142.  Place  a  little  calomel 
(HgCl)  or  corrosive  sublimate 
(HgCla)  at  the  bottom  of  a  tube, 
and  cover  it  for  about  half  an 
inch  with  dry  carbonate  of  soda 
(NaO.COs):  make  the  upper 

portion  of  the  salt  quite  hot,     -p.^      Arsenious  Acid, 
and  carrying  the  heat  down- 
wards, sublime  the  calomel  through  it.    Metallic  mercury 
is  deposited  in  the  form  of  minute  globules  in  the  upper 
part  of  the  tube  (336). 

HgCl+NaO,C02=NaCl+ S>+ 0  +  C  O,. 

143.  ruse  a  little  boraK  (NaO,2BO3+10Aq)  on  a  plati- 
num wire,  and  observe  the  colour  given  to  the  bead  by 
salts  of  silver,  iron,  cobalt,  copper,  lead,  manganese,  &c., 
both  in  the  oxidizing  and  reducing  flame. 

144  Eepeat  the  same  series  of  experiments,  using  car- 
bonate of  soda  (NaCCOo),  and  afterwards  microcosmic 
salt  (NaO,NH,0,HO,PO,,+8Aq)  instead  of  borax,  and 
observe  in  what  respects  the  results  difi^er  from  each  other. 
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SPECIFIC  GEAVITT. 

By  specific  gravity  is  meant  the  comparative  weights  of 
equal  bulks  of  various  kinds  of  matter.  It  has  been  found 
convenient  to  compare  the  specific  gravities  of  all  solids 
and  hquids  with  that  of  water,  which  is  reckoned  as  1.000 
or  1000.  The  specific  gravity  of  substances  heavier  than 
water  is  consequently  represented  by  a  higher  number, 
and  those  which  are  lighter  by  a  lower  number,  than  1.000 : 
that  of  lead,  for  instance,  which  is  more  than  eleven  times 
heavier  than  water,  is  represented  by  the  number  11.35  ; 
while  that  of  ether,  which  is  considerably  lighter  than 
water,  is  represented  by  the  number  0.724.* 

SECTION  I. 

Specific  gravity  of  solids  heavier  than  tvater. 
145.  When  the  substance  is  soHd  and  insoluble  in  water, 
its  specific  gravity  may  be  ascertained  in  the  following 
manner.    Weigh  it  first  in  air,  taking  care  to  remove  any 
dust  or  loosely-adhering  particles.    Then  sus- 
pend it  by  means  of  a  horsehair,  from  a  hook 
attached  to  the  scale-pan,  makiag  a  small  loop 
at  one  end  of  the  hair,  passing  the  other  end 
through  it,  and  enclosing  the  substance  in  the 
noose.    Thus  suspended,  it  is  immersed  in 
water  (fig.  55),  and  care  should  be  taken  that 
it  is  covered  on  all  sides  by  at  least  half  an  inch 
of  water.    Small  bubbles  of  air  frequently  ad- 
here to  the  surface,  and  these  must  be  brushed 
off  with  a  feather  or  camel-hair  pencil,  as  they 
would  tend  to  buoy  it  up,  and  cause  the  spe- 
cific gravity  to  appear  too  low. 

The  results  may  be  noted  down  as  follow : 

Weight  of  the  substance  in  aii-  .    .    .  = 
"  »  in  water  .    .  = 

Loss    .    .  rr 


which  number  represents  the  weight  of  an  equal  bulk  of 
water.  _  Then  by  dividing  the  weight  in  air  by  the  loss  or 

asceSed  ^^^^J 

*  See  Fownes's  Manual  of  Chemistry,  p  3 
H  2 
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Weight  in  air 

.   =  Specific  gravity. 

Loss 

In  tliis  way  determine  the  specific  gravity  of  some  of 
the  following  substances  :— marble,  amber,  iron-pyntes, 
sulphate  of  baryta,  jet,  lead,  zinc,  glass,  and  agate* 


SECTION  II. 

Specific  gravity  of  solids  lighter  than  water. 

146.  If  the  solid  be  lighter  than  water,  as  cork,  a  slight 
modification  of  the  above  process  is  necessary. 

Weigh  the  substance  first  in  air:  then  select  a  piece 
of  lead  of  sufficient  size  to  sink  the  light  body 
in  water  when  attached  to  it,  and  weigh  it  (the 
lead)  in  water,  suspending  it  by  means  of  a 
hair  loop,  as  before.  If  now  the  fight  sub- 
stance be  enclosed  in  the  same  loop  with  the 
lead  (fig.  56),  and  immersed  in  water,  it  will 
be  found  that  they  will  together  weigh  less 
than  the  lead  did  alone,  owing  to  the  buoy- 
ancy of  the  Ughter  body ;  and  this  difierence, 
when  added  to  the  weight  of  the  body  m  air, 
is  equal  to  the  weight  of  a  corresponding  bulk 
of  water. 

The  results  may  be  thus  recorded : 

Weight  of  body  in  air   =  

Weight  of  lead  alone  in  water  ~ 

Weight  of  lead  with  body  attached,  in  water  —  

Difference   = 

Add  weight  of  body  in  air   —   — 

Weight  of  an  equal  bulk  of  water 


Fie.  56. 


Having  thus  obtained  the  weight  of  the  body  m  air,  and 
the  weight  of  an  equal  bulk  of  water,  the  specific  gravity 
is  calcidated  as  before. 

Weight  in  air 
 ^   =  Specific  gi-avity. 

Weight  of  equal  bulk  of  water 

In  this  way  ascertain  the  specific  gravity  of  wood,  cork, 
and  charcoal.f 

*  The  following  are  the  specific  ^^f,%f^^!:^\^^''S^:^:^. 
rveSeffood  (Ktia  ^'c^orfo'-^r-d  cLrcoal  0..  to  0.5. 
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SECTION  III. 

Specific  gravity  of  insoluble  powders. 

147.  When  the  substance,  whose  specific  gravity  we  wish 
to  determine,  is  in  the  form  of  powder,  or  even  small 
lumps,  it  is  clear  that  some  other  method  must  be  adopted 
than  those  just  described.  The  following  is  the  most 
simple,  and,  for  common  purposes,  sufficiently  accurate. 
Counterpoise*  a  small  bottle  furnished  with  a  stopper ; 
then  fin  it  completely  with  distilled  water,  close  it  with 
the  stopper,  taking  care  that  no  bubbles  of  air  are  left  in, 
and  weigh  to  determine  the  quantity  of  water  it  con- 
tains.t  Having  done  this,  empty  the  bottle,  and  dry  the 
inside  either  with  a  cloth,  or  with  fragments  of  filtering 
paper. 

It  must  now  be  filled  about  two-thirds  full  of  the  powder 
to  be  examined,  again  weighed,  and  the  bottle  then  filled 
cautiously  with  water,  care  being  taken  that  all  air  bubbles 
are  expelled,  and  that  none  of  the  powder  is  washed  out. 
Again  weigh. 

From  the  data  thus  obtained,  the  specific  gravity  may 
be  calculated  as  follows  : 

Weight  of  the  powder  and  water  .  .  .  = 
Weight  of  the  powder  alone  = 


Difference  =  weightof  water  left  in  the  bottle 

Weight  of  bottle  full  of  water  .    .    .    .  : 
Water  left  in  the  bottle  after  the  powder  i 
was  added  j  ' 

Weight  of  water  displaced  by,  and  equal  i 
in  bulk  to,  the  powder    ....    J  ' 

Then  as  before  : — 

Weight  of  the  powder 


Weight  of  water  displaced 


=  Specific  gravity. 


In  this  way  ascertain  the  specific  gravi  ty  of  sand,  pounded 
glass,  and  shot.J 

*  This  is  done  by  putting  shot  or  strips  of  lead  in  a  pill-box,  which,  when 
placed  in  the  opposite  scale,  are  adjusted  until  their  weight  is  equal  to  that 

01  LflG  DOttlSt 

""'y     purchased  which  are  made  to  contain  exactly  1000  srahno 
of  distilled  water.  j'^uugimns 

%  The  specific  gravity  of  sand  is  about  2.60 ;  flint  glass  3.30  s  and  shot  1 1.35. 
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SECTION  IV. 


Specific  gravity  of  liquids. 

148.  With  a  bottle  similar  to  that  used  in  the  last  ex- 
periment, the  specific  gravity  of  Hquids  may  be  readily 
determined.  As  the  space  occupied  by  a  given  weight  of 
liquid  varies  with  the  temperature,  or,  in  other  words,  as 
the  weight  of  a  given  volume  of  any  liquid  is  greater  or 
less  as  the  temperature  is  lower  or  higher,  it  is  necessary 
to  observe  that  the  temperature  of  the  Uquid  during  the 
experiment  does  not  vary  much  from  62°,  which  is  usually 
taken  as  the  standard.  For  the  same  reason  the  bottle 
should  not  be  touched  by  the  warm  hand  during  the 
experiment,  as  otherwise  the  heat  would  cause  the  hquid 
to  expand,  and  become  specifically  fighter :  this  may  be 
avoided  by  interposing  a  linen  cloth  between  the  hand 
and  the  glass. 

Counterpoise  the  bottle,  and  weigh  it  fuU  of  distilled 
water :  then,  by  fiUing  it  successively  with  other  liquids, 
weighing,  and  comparing  the  difierent  weights  with  that 
of  water,  the  volume  of  Hquid  being  always  the  same,  the 
specific  gravity  is  obtained  by  proportion,  thus : 

Weight  of  bottle  full  of  water  :  1.000  :  :  Weight  of  Uquid  :  Specific  gravity. 

Care  must  be  taken  to  clean  the  bottle  tho- 
roughly after  each  experiment,  by  washing  it 
first  with  distilled  water,  and  then  with  a  little 
of  the  hquid  whose  density  is  to  be  ascertained. 

Some  of  the  following  may  be  taken  for  prac- 
tice :— Alcohol,  solutions  of  chloride  of  sodium, 
sulphate  of  magnesia,  alum,  carbonate  of  soda, 
sulphate  of  lime,  sulphate  of  soda,  bicarbonate 
of  soda,  sulphate  of  copper,  nitrate  of  potash, 
sulphate  of  zinc,  and  cream  of  tartar. 

149.  The  specific  gravity  of  liquids  may  also 
be  determined  by  another  process,  which,  though 
not  capable  of  so  much  accuracy  as  the  last,  is 
frequently  useful  when  a  specific  gi'avity  bottle 

is  not  at  hand.  ,    i     i.  j.i 

T'ig.  57.  Take  a  piece  of  sohd  glass  rod,  about  the  size 
Specific  -  „f  |r,p  firrure  (fiff.  57),  with  one  end  drawn  out 
flTsf    ^nfturSd  in  Ue  blowpipe  flame.    Weigh  it 
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first  in  air  and  tlien  in  water,  suspending  it 
with  a  hair-loop  (fig.  58).  Then,  having  wiped 
it  dry  between  each  experiment,  weigh  it  suc- 
cessively in  the  liquids,  the  specific  gravities  of 
which  are  to  be  determined.  The  difference 
between  the  weight  of  the  glass  in  air  and  in 
the  liquid,  representing  in  each  case  the  weight 
of  a  volume  of  the  liquid  equal  to  that  of  the 
glass;  and  knowing  the  weight  of  a  similar  volume 
of  water,  the  specific  gravity  may  be  known  by 
simple  calculation. 
Thus: 

Weight  of  glass  in  air  

Weight  of  glass  in  liquid  

  Fig.  53. 

which  is  the  weight  of  an  equal  volume  of  the  liquid. 
Then  by  proportion, 

Weight  of  equal  T.  .  ,  nnn  ■  ■  /  Weight  of  equal  i  .  /  Specific  gravity  i 
volume  of  water.  /  •  1  volume  of  Uquid  /  •  1.  of  the  liquid.  / 

Determine  in  this  way  the  specific  gravities  of  some  of 
the  solutions  already  mentioned,  and  compare  the  results 
with  those  obtained  with  the  specific  gravity  bottle. 


CHAPTEE  VII. 

HEATING  SUBSTANCES  IN  GASES. 
SECTION  I. 

Beduction  of  metallic  oxides  by  hyd/rogen. 

150.  A  large  number  of  the  metallic  oxides  are  decom- 
posed and  reduced  to  the  metallic  state  when  heated  in  an 
atmosphere  of  dry  hydrogen  gas ;  and  from  the  facility  with 
which  the  operation  may  be  performed,  and  the  accurate 
results  It  gives  when  carefuUy  conducted,  it  is  frequently 

o'SS  comptrdt"^      'l^^"'^'^  P^^--^  - 
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151.  The  apparatus  whicli  is  required  for  tlie  purpose  is 
shown  in  the  figure.    (Fig.  59.)    The  bottle  a  is  charged 


Fig.  59.  Reduction  of  Oxide  of  Copper. 

with  zinc  and  dilute  sulphuric  acid  to  generate  the 
hydrogen,  which  is  dried  while  passing  over  fragments  of 
chloride  of  calcium  in  the  tube  e;  the  gas  then  passes  into 
the  bulb  tube  h,  which  contains  the  oxide  to  be  reduced, 
the  bulb  being  heated  by  the  lamp  placed  beneath. 

152.  Take  a  piece  of  tubing  e,  about  twelve  or  fifteen 
inches  long,  and  half  an  inch  internal  diameter,  and  having 
slightly  fused  the  cut  edges  in  the  blowpipe  flame  (85), 
adapt  a  cork  to  each  end:  then,  with  a  cork-borer  or  round 
file,  perforate  the  corks  so  as  to  receive  the  small  tubes 
d  and  m.  When  the  tube  is  of  such  a  diameter  as  cannot 
be  exactly  matched  by  any  of  the  cork  borers  in  the  set,  the 
hole  should  be  bored  by  a  smaller  one,  and  afterwards 
enlarged  by  means  of  a  round  file,  until  it  is  of  sufficient 
calibre  to  admit  the  tube,  which  must  always  fit  perfectly 
tio-ht.  Eemove  one  of  the  corks  from  the  large  tube,  and 
push  down  to  the  other  end  a  small  loose  bit  of  tow  or 
cotton  wool,  and  nearly  fill  it  with  fragments  of  chloride  of 
calcium  (734) ;  put  in  another  bit  of  tow  (the  use  of  which 
is  to  prevent  any  of  the  smaller  fragments  falHng  out),  and 
again  fix  the  cork  and  small  tube. 

Next  adapt  a  cork  to  the  bottle,  which  should  have  a 
tolerably  wide  neck,  and  bore  in  it  two  holes  to  fit  the 
tubes  i  and  c,  which  pass  through  it,  the  former  reaching 
nearly  to  the  bottom  of  the  bottle,  the  latter  passing  only 
just  through  the  cork.    Put  300  grains  of  granulated  zmc 
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into  the  bottle,  and  fix  the  cork  containing  the  tnbes  b 
and  c. 

153.  Li  order  to  connect  the  difierent  parts  of  the  ap- 
paratus together,  make  two  caoutchouc  connectors /and  g. 
This  is  done  by  loosely  folding  a  piece  of  sheet  caoutchouc 
about  an  inch  and  a  lialf  square,  round  a  piece  of  rod  or 
tubing  of  the  same  diameter  as  the  tubes  which  it  is  in- 
tended to  join  together,  and  cutting  off  with  one  stroke  of 
a  pair  of  sharp  scissors  the  superfluous  ends  (fig.  60);  when 


Fig.  60.  Making  Caoutchouc  Connectors. 


this  is  properly  done,  the  cut  edges  cohere,  and  when 
slightly  pressed  together  by  the  thumb-nails,  the  junction 
becomes  almost  as  strong  as  any  other  part  of  the  tube. 
Care  must  be  taken  to  avoid  touching  the  newly-cut  edges, 
as  the  least  dirt  or  moisture  upon  them  would  prevent 
them  cohering  properly  together.  It  is  then  carefully 
removed  from  the  rod,  and  is  ready  for  use. 

154.  Having  made  two  of  these  connectors,  weigh  the 
bulb  tube  accurately,  and  place  in  the  bulb  20  or  30  grains 
of  oxide  of  copper  (CuO) ;  again  weigh,  to  ascertain  the 
weight  of  oxide  operated  on,  and  connect  the  apparatus 
as  shown  in  the  figure.  The  caoutchouc  tubes  should  be 
firmly  tied  round  with  strong  twine  or  silk,  which  should 
be  passed  under  and  over,  and  tied  at  each  half  revolution 
to  ensure  perfect  tightness  of  the  joint.  The  apparatus 
being  thus  arranged,  fill  the  bottle  a  about  one-third  full 
of  dilute  sulphuric  acid  (consisting  of  one  part  by  measure 
of  the  strong  acid  and  eight  parts  of  water),  pouring  it 
down  the  funnel  tube  b  (12) ;  and  when  the  gas  has  been 
coming  over  about  five  minutes,  apply  a  gentle  heat  to  the 
bulb,  and  gradually  increase  it  as  long  as  any  water  is 
formed. 

CuO  +  H=Cu+HO. 
It  is  necessary  to  observe  the  precaution  of  not  applying 
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tlie  heat  immediately,  since  tlie  apparatus  at  first  contains 
an  explosive  mixture  of  hydrogen  and  common  air,  which 
"would,  if  heat  were  applied,  be  in  great  danger  of  exploding 
(17)  and  seriously  injuring  the  operator ;  by  allowing  five 
minutes  to  elapse,  however,  the  whole  of  the  common  air 
is  expelled,  and  the  bulb  may  be  heated  without  danger. 

155.  When  the  decomposition  appears  to  be  complete, 
no  fresh  water  being  produced,*  expel  by  heat  any  mois- 
ture that  may  have  condensed  in  the  cool  end  of  the  tube, 
remove  the  lamp,  and  allow  the  bulb-tube  to  cool;  then 
disconnect  the  apparatus,  and  weigh  the  bulb  containing 
the  reduced  metallic  copper,  the  loss  of  weight  indicating 
the  quantity  of  oxygen  that  has  been  removed.  Ascer- 
tain by  calculation  the  percentage  of  oxygen  in  100  parts 
of  the  oxide,  and  compare  the  experimental  result  with 
what  is  theoretically  correct,  the  atomic  weight  of  copper 
being  thirty-two,  that  of  oxygen  eight,  and  that  of  the 
oxide  forty. 

SECTION  II. 

Seating  substances  in  an  atmosphere  of  carbonic  acid. 

156.  It  is  sometimes  required  in  analysis  to  separate 
two  substances,  one  of  which  is  volatile  at  a  high  tempe- 
rature, and  the  other  fixed,  so  that  by  merely  heating  the 
mixture,  and  weighing  before  and  afterwards,  the  weight 
of  each  ingredient  is  determined.  In  some  cases,  however, 
it  happens  that  the  non-volatile  body  when  heated  in  at- 
mospheric air,  combines  with  oxygen,  forming  a  volatile 
compound;  so  that  here  it  is  necessary  to  conduct  the 
operation  in  an  atmosphere  of  some  gas  incapable  of  com- 
bining  with  it,  as  hydrogen  or  carbonic  acid.  For  instance, 
in  the  analysis  of  gunpowder,  which  consists  of  a  mixture 
of  nitrate  of  potash  (KOjNOJ,  sulphur,  and  charcoal,  the 
nitrate  of  potash  is  first  dissolved  out  with  water,  and  the 
insoluble  residue,  consisting  of  sulphur  and  charcoal,  is 
heated  in  a  current  of  hydrogen  or  carbonic  acid,  when  the 
sulphur,  being  volatile,  is  expelled ;  whereas,  if  the  mix- 
ture were  to  be  heated  in  common  atmospheric  air,  the 
carbon  as  weU  as  the  sulphui-  would  disappear,  since  it 

»  This  is  known  by  holding  a  piece  of  cold  glass  close  to  the  opening  at 
the  end  of  the  tube,  and  observing  whether  any  moisture  is  condensed  upon 
its  surface  ;  if  not,  it  may  be  inferred  that  no  water  is  coming  oflf. 
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would  combine  with  oxygen,  and  become  converted  into 
carbonic  acid  (COg),  wHch  is  a  gas. 

157.  The  apparatus  required  for  this  purpose  is  the 
same  as  that  used  for  the  reduction  of  metallic  oxides  by 
hydrogen  (151).  Till  the  generating  bottle  a  about  one- 
third  fidl  of  water,  and  put  in  some  fragments  of  marble 
(CaOjCOo);  when  the  apparatus  is  arranged,  pour  in  from 
time  to  time  a  httle  hydrochloric  acid  through  the  tube  b, 
so  as  to  maintain  a  moderate  effervescence  (19).  Weigh 
the  bulb-tube,  and  put  into  it  about  10  grains  of  the  mix- 
ture of  sulphur  and  charcoal;  weigh  a  second  time,  to 
ascertain  how  much  is  used  in  the  experiment,  and  connect 
the  apparatus  together.  Allow  the  gas  to  come  over  for 
about  five  minutes,  in  order  to  displace  the  common  air, 
(which  might  otherwise  cause  the  volatilization  of  some  of 
the  charcoal,  by  conversion  into  carbonic  acid,)  and  then 
heat  the  mixture  as  long  as  any  sulphur  is  volatilized.  As 
soon  as  the  apparatus  is  cold,  weigh  the  bulb-tube  again, 
when  the  loss  of  weight  will  represent  the  quantity  of 
sulphur  contained  in  the  mixture.  The  percentage  of  sul- 
phur is  then  ascertained  by  calculation. 

Weight  of  mixture  :  loss  of  weight :  :  100  :  percentage  of  sulphur. 


SECTION  III. 

Preparation  of  perchloride  of  iron  (FcoClg). 

_  158.  When  metallic  iron  is  heated  in  a  current  of  chlo- 
rine gas,  the  two  substances  combine,  forming  perchloride 
of  iron.  The  chlorine  is  generated  in  a  retort  a  (fig.  61), 
to  the  beak  of  which  a  tube,  bent  at  right  angles  b,  should 
be  adapted  by  means  of  a  perforated  cork.  The  retort  is 
then  charged  with  700  grains  of  a  mixture  of  black  oxide 
of  manganese  (MnOa)  and  common  salt  (NaCl),  (mthe  pro- 
portion  of  three  parts  of  the  former  to  four  of  the  latter,) 
on  which  should  be  poured  two  oimces  of  water.  Eemove 
the  tube  funnel  b  from  the  bottle  used  in  the  two  last 
experiments  (151),  and  substitute  a  piece  of  tubing  e 
sufficiently  wide  to  admit  the  bent  tube  b,  and  reaching 
nearly  to  the  bottom  of  the  bottle,  which  should  be  filled 
about  a  fourth  part  fuU  of  water.    The  rest  of  the  appa- 
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ratus  is  the  same  as  that  used  in  the  reduction,  by  hydro- 
gen (151),  only  substituting  the  straight  tube  d,  which 
may  be  six  or  eight  inches  long,  for  the  bulb-tube  before 
employed;  and  put  into  it  thirty  grains  of  clean  iron 
wire. 


Fig.  61. 

159.  When  the  apparatus  is  connected  together,  slowly 
pour  into  the  retort  through  a  funnel  one  ounce  of  strong 
sulphuric  acid  {SO,  80^),  to  disengage  the  chlorine  from 
the  mixture  of  manganese  and  salt ;  and  if  the  gas  does 
not  come  over  properly,  apply  a  very  gentle  heat. 

MnO,+NaCl+2  {HO,SO,)=MnO,SOs+NaO,SOs 
+220+ CI. 

The  gas,  when  generated,  passes  through  the  water  in 
the  bottle  /,  which  retains  any  hydrochloric  acid  with 
which  it  may  be  impregnated;  and  having  passed  over 
chloride  of  calcium  in  the  tube  c,  arrives  in  the  tube  con- 
taining the  iron,  in  a  pure  and  dry  state. 

When  the  apparatus  is  fiUed  with  the  chlorme,  apply  a 
gentle  heat  to  the  iron  wire,  and  observe  the  beautiful 
scaly  crystals  of  sesquichloride  of  iron  (FcaCy,  which 
sublime  and  condense  in  the  cool  end  of  the  tube.  Eemove 
a  few  of  the  crystals  from  the  tube,  and  remark  with  what 
avidity  they  absorb  moisture  from  the  air  when  exposed  to 
it  for  a  few  minutes.  ,    .-,    .    ,.  .-n  ■,      .  3 

Dissolve  a  little  of  the  chloride  m  distilled  water,  and 
add  ammonia  (NS,)  in  sHght  excess:  the  brown  preci- 
pitate which  is  produced,  is  hydrated  peroxide  of  iron 
(280). 
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SECTION  I. 

Alkalimetry. 

160.  The  process  of  alkalimetry  has  for  its  object  the 
determination  of  the  quantity  of  real  alkali  or  alkaline 
carbonate  in  any  given  sample,  and  is  founded  on  the  prin- 
ciple that  the  quantity  of  alkali  which  is  neutralized  by  a 
known  quantity  of  acid,  is  always  constant  and  uniform,  in 
obedience  to  the  well-known  laws  of  combination  in  defi- 
nite proportions. 

For  example,  forty-nine  parts,  by  weight,  of  ^ 
oil  of  vitriol  {I£0,SO^  combine  with  thirty-two 
parts  of  soda  (NaO),  and  when  the  two  sub- 
stances are  brought  together  in  these  pro- 
portions, the  resiUting  compound  (sulphate  of 
soda  NaO.SOa)  is  a  perfectly  neutral  salt:  but 
if  the  relative  quantity  of  acid  or  alkali  be 
greater  or  less  than  those  specified,  then  there 
wiU  be  an  excess  of  one  of  them  present,  and 
the  solution  containing  them  will  be  no  lono-er 
neutral  to  test  paper.  Hence  it  appears  that  if 
we  have  an  unknown  quantity  of  pure  alkali  in 
a  solution,  we  can,  by  treating  it  with  an  acid 
of  known  strength,  and  observing  how  much  of 
the  acid  is  required  to  neutralize  it,  readily  de- 
termine the  percentage  of  potash  or  of  soda  m 
any  specimen. 

161.  The  apparatus  employed  for  this  purpose 
is  a  tube,  capable  of  holdiag  1000  grains  of  dis- 
tilled water,  graduated  into  100  parts,  the  divi- 
sions being  numbered  from  the  open  end  down- 
wards, as  in  the  figure  (fig.  62).  At  65  degrees  62. 
there  18  a  Ime  scratched,  marked  carbonate  of  iimeter 
potash;  at  54.6,  another  line,  marked  carbonate  Tube. 

soda;  ^,i  m,potas7i;  and  at  23.5,  soda;  numbers,  it  will 
be  observed,  which,  when  deducted  from  100,  bear  similar 
relations  to  each  other  as  the  atomic  weights  of  the  com 
pounds  whose  names  they  are  associated  with     Now  if 
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sulphuric  acid  of  tlie  specific  gravity,  1.1268,  be  poured 
into  the  tube  up  to  the  point  marked  by  either  of  these 
names,  the  quantity  of  acid  thus  measured  off  will  be 
exactly  sufficient  to  neutralize  100  grains  of  the  alkali 
specified;  and  when  the  tube  is  filled  up  to  zero  with  water, 
it  is  evident  that  each  division  of  the  tube  contains  the 
quantity  of  acid  requisite  to  neutralize  one  grain  of  alkali, 
being  y^tb  part  of  the  whole.  By  ascertaining  experi- 
mentally therefore  how  many  of  the  divisions  full  are 
required  to  neutralize  the  alkali  present  in  100  grains  of 
an  impure  specimen,  that  number  will  represent  the  per- 
centage of  real  alkali  which  it  contains. 

162.  Ascertain  the  quantity  of  dry  carbonate  of  soda 
(NaO.COo)  in  a  sample  of  the  crystallized  salt  (NaO,C02+ 
lOAq).  Tor  this  purpose  weigh  out  100  grains  of  the  salt, 
and  dissolve  it  with  the  aid  of  a  gentle  heat,  in  about  four 
ounces  of  water  in  an  evaporating  basin.  Pour  a  little  of  the 

standard  sulphuric  acid  (spe- 
cific gravity  1.1268)  (which 
should  have  been  previously 
prepared  andallowedtocool,)* 
into  a  lipped  glass,  and  thence 
into  tbe  alkalimeter  tube,  un- 
til it  reaches  the  line  marked 
carhonate  of  soda,  and  fill  it 
with  distilled  water  up  to  zero. 
Put  two  or  three  small  pieces 
of  litmus  and  turmeric  paper 
into  the  alkaline  solution, 
which  should  be  kept  gently 
heated  over  a  lamp,  and  have 
at  hand  a  glass  rod  to  stir  it 
with  during  the  process  of 
neutralization. 

163.  Having  made  these 
preparations,  take  the  tube 
in  the  left  hand,  close  the 
opening  tightly  with  the 
thumb,  and  invert  the  in- 
Fig.  63.  strument  five  or  sis  times 

«  <!„1,,lT,rin  acid  of  the  specific  gi-avity  1.1268,  may  be  prepared  by  mixing 
«  Sulphuric  acid  or  tne  sp^^^    b       ^       ^        (HO.SO^)  specific  gi-avity 

I4  andS  pai  ts  ~l^d  water'  Before  taking  it  into  use,  it  must  be 
r  r^  Kotl  »,  tnitrsnecific  eravity,  and  also  as  to  its  neutralizing  power, 
Itch  must^VLcerSd'^b';  e'xpe'^iment  miU  a  pm-e  specm,en  of  alkali. 
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successively,  in  order  to  mix  the  acid  and  water  tliorouglily 
and  uniformly  together:  then  by  cautiously  relaxing  the 
thumb,  allow  the  acid  to  fall  drop  by  drop  into  the  alkaline 
solution,  stirring  the  latter  constantly  with  the  glass  rod 
until  the  litmus  begins  to  turn  feebly  red.  (Fig.  63.) 
When  the  change  of  colour  begins  to  appear,  wash  the 
sides  of  the  basin  by  gently  agitating  the  liquid  in  it,  in 
order  to  dissolve  any  of  the  splashings  that  may  have  dried 
during  the  process,  and  escaped  the  action  of  the  acid. 
When  the  point  of  neutralization  is  nearly  attained,  bring 
one  of  the  pieces  of  litmus-paper  from  time  to  time  out  of 
the  solution  against  the  heated  side  of  the  basin;  if  the 
redness  disappears,  more  acid  must  be  added,  the  red- 
dening being  thus  proved  to  have  been  caused  by  the  car- 
bonic acid  dissolved  in  the  water;  and  the  cautious  addition 
of  acid  must  be  continued  until  a  permanent  feeble  red 
colour  is  obtained. 

164.  When  the  neutralization  is  complete,  restore  the 
tube  to  its  vertical  position,  and  remove  the  thumb  (which 
until  now  should  not  have  been  for  a  moment  removed) 
scrapmg  it  gently,  so  as  to  separate  most  of  the  adherine 
acid.  Allow  the  tube  to  remain  upright  for  a  minute  or 
two,  m  order  that  the  sides  may  drain,  and  then  observe 
the  degree  at  which  the  acid  stands,  that  number  repre- 
senting the  percentage  of  diy  carbonate  in  the  sample  * 
IJie  decomposition  may  be  thus  expressed: 

Na  O,  CO^-^KO,  SO,=Na  O,  S0,+ SO+CO,. 

165.  Determine  the  quantity  of  soda  (NaO)  in  the  same 
sample.    This  is  done  in  the  way  described  in  the  last 
experiment  but  instead  of  filling  the  tube  up  to  the  mark 
carbonate  ofsodaMvith  acid,  it  is  filled  up  to  the  mark^oc^a 
and  then  up  to  zero  with  water.f  ' 

rYo?'  ^f^'^iT  ^^Pf  ii^entally  the  percentage  of  potash 
(-HO),  and  of  dry  carbonate  of  potash  (KO.COJ,  in  the 
crystallized  carbonate  (KO,C03-f2Aq).+ 

Jatter.  supposing  the  '^ry.umJ^:^:,^T,^^^^^^^^ 

+  Tftv.!   ■   .  ,;■   .  ■'     ^  percentage  of  dry  carbonate  of  soda. 

Jmo^l'''''''''''^  P"'-^'  the  percentage  of  soda  may  be  calculated 

A^o^wt^crystd^^  Atc^wt.  of  8o_da.    Per  cent,  of  soda. 

144  — '  "V  — / 

+l^^\%^'<>-^"'^-^MKOUA,  ;  tkatof  KO.CO.  70";=  andthatof KO.CO. 
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SECTION  II. 


Acidimetry. 

167.  The  process  of  alkalimetry  being  well  understood, 
that  of  acidimetry  will  require  but  little  explanation,  as 
its  principle  is  precisely  analogous  to  that  which  has  been 
described  (160).  In  the  former  process  the  object  was  to 
determine  the  quantity  of  alkah  by  the  quantity  of  acid 
which  it  was  capable  of  neutrahzmg;  in  acidimetry,  we 
have  to  ascertain  the  amount  of  real  acid  m  any  solution 
containing  it  in  an  uncombined  form.  When  the  acid 
under  examination  forms  with  lime,  a  salt  that  is  soluble 
in  water,  its  strength  may  be  ascertained  by  determmmg 
the  quantity  of  marble  or  carbonate  (CaO,CO„)  which  a 
given  weight  of  it  decomposes  and  dissolves.  This  process 
wiU  serve  for  nitric,  hydrochloric,  and  acetic  acids.  _ 

168.  Determine  the  percentage  of  nitric  acid  (JNUJ  m 
a  specimen  of  the  hquid  acid. 

Weieh  out  150  grains  of  pounded  marble,  put  it  into 
an  evaporating  basin,  and  cover  it  with  about  two  ounces 
of  distilled  water.  Pour  a  little  of  the  acid  into  a  glass,  and 
thence,  by  means  of  a  dropping  tube  (99),  transfer  exactly 
100  grains  of  it  into  a  previously  counterpoised  capsule. 
Add  this  in  successive  portions  to  the  marble,  avoidmg 
too  large  an  addition  at  once,  lest  the  effervescence  should 
be  so  violent  as  to  cause  some  of  the  hquidto  be  projected 

nvpr  the  sides  of  the  basin  and  lost, 
over  tne  siaes  oi         ^^^^       ^^^^^      ^j^^  ^^^^ 

been  added,  wash  out  the  dish  which 
contained  it,  two  or  three  times  with 
distilled  water,  and  add  the  washmgs 
fco  the  marble:  stir  the  mixture  re- 
peatedly with  a  glass  rod,  and  when 
the  effervescence  appears  to  have 
nearly  ceased,  heat  it  gently  over  a 

^TAcO.+NO,=  CaO,NO,+  CO., 
169  While  this  is  gomg  on,  fat  up  a 
washing  bottle  (fig.  64),  the  tubes  for 
which  have  been  already  prepared 
(94)    Two  holes  must  be  bored  m 
.     the  cork  to  fit  the  tubes,  which  must 
tt^^^"'     be  feed  in  the  mamier  shown  in  the 
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Fig.  65. 


figure.    Tlien  prepare  a 
filter,  according  to  the 
directions  already  given 
(66) ;  and  having  moist- 
ened  it  with  distilled 
water,  support  it  over  a 
beaker  glass  by  means 
of  a  retort  stand  or  per- 
forated block  of  wood  (fig. 
65).    Pour  the  solution 
from    the  evaporating 
basin  down  a  glass  rod 
into  the  filter,  directing 
the  stream  so  that  it  may 
fall  upon  the  sloping  side 
and  not  into  the  apex, 
lest  its  force  should  in- 
jure or  break  through  the 
paper :  wash  the  last  portions  of  marble  out  of  the  basin 
means  of  the  washing  bottle,  holding  the  basin  in  a 

nearly  vertical  position 
(fig.  66).  When  the  liquid 
has  for  the  most  part 
passed  through  the  filter, 
wash  the  latter  with  water 
from  the  washing  bottle, 
directing  the  stream  just 
below  the  upper  edge  of 
the  filter,  and  continuing 
to  wash  until  a  drop  of 
the  filtered  liquid,  when 
evaporated  on  a  strip  of 
glass  or  platinum  foil, 
leaves  no  trace  of  solid 
matter.  When  this  is  the 
case,  we  may  be  sure  that 
the  whole  of  the  soluble 
nitrate  of  lime  (  Ca  0,N0  ) 
has  been  washed  out,  and 
that  nothing  remains  but 
the  portion  of  marble 
which  was  not  decom- 
posed. This  residue  must 
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now  be  tliorouglily  dried,  weiglied,  and  its  weiglit  deducted 
from  tliat  of  the  whole  of  the  marble  employed;  the 
difference  being  of  course  the  weight  of  that  which  has 
been  dissolved  by  the  acid.  Now  since  every  equivalent 
of  carbonate  of  lime  which  has  been  dissolved,  indicates 
the  presence  of  an  equivalent  of  nitric  acid,  the  quantity 
of  nitric  acid  in  the  100  grains  employed  may  be  ascer- 
tained by  the  following  proportion : 

Atomic  weight  of    Atomic  weight  of 
carbonate  of  lime.        nitric  acid. 


T,    . .  r  Cluantity  of  mar-  \  .       /  Percentage 
"l    ble  dissolved    J  •       I  of  nt.  acid. 


50  :  54  ble  dissolved 


170  Ascertain  the  percentage  of  hydrochloric  acid 
(HCl)  in  a  specimen  of  the  liquid  acid.  Proceed  exactly 
as  in  the  previous  experiment  with  nitric  acid  (168),  only 
in  the  calculation  substitute  the  atomic  weight  of  hydro- 
chloric acid  37,  for  that  of  nitric,  thus : 

go      :      37      :;      Quantity  of  marble  dissolved      :  x 

171  In  the  determination  of  the  strength  of  acids  which 
do  not  form  with  lime,  salts  that  are  soluble  m  water,  the 
method  iust  described  wHl  not,  of  course,  give  accurate 
results ;  and  the  foUowing  may  be  adopted,  which  we  will 
consider  as  used  in  the  case  of  sulphuric  acid  sulphate  ot 
lime  being  too  sparingly  soluble  to  admit  of  this  acid  bemg 
estimated  by  the  process  with  marble.  ,  ,  .„ 

172.  Determine  the  percentage  of  sulpburic  acid 
(BO  SO,)  in  a  specimen  of  the  dilute  acid.  Take  100 
gfains  of  he  acid  (weighed  in  the  manner  already  described 
S  )  and  place  it  in  a  tolerably  large  evaporatmg  basm ; 
dilute  it  with  three  or  four  ounces  of  water,  and  wash  out 
with  water  the  dish  in  which  the  acid  was  weighed  so  as 
To  avdd  the  loss  of  any  of  the  acid  :  put  into  the  dilute  acid 
twror  threVpTeces  of  litmus-paper,  and  heat  it  gently  over 
a  lamp  Sss?lve  100  grains  of  pure  crystalbzed  carbonate 
%  ^ o  m^O  CO  +10lq)  in  an  ounce  and  ahalf  of  water, 
fXtJJ^^^cSi^^^^^        Heat,  and  pour  it  when  odd 

dish  m       1\  JtJf^T^;^^^^^^         take  the  tube  in  the  left 
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has  been  done,  it  is  evident  that  each  division  of  the  alkali- 
meter  tube  must  contain  in  solution  one  grain  of  the  crys- 
tallized carbonate. 

The  alkaline  liquid  must  now  be  added  gradually  to  the 
dilute  acid,  with  the  same  precautions  as  in  the  process  of 
alkahmetry  (163),  untU  the  red  colour  of  the  litmus  is 
changed  to  purphsh  blue  ;  when  this  is  the  case,  remove 
tJie  thumb,  and  after  aUowing  the  tube  to  stand  upright 
for  a  minute  or  two,  read  off  the  degree  at  which  the  liquid 
stands ;  that  number  representing  the  number  of  grains  of 
the  carbonate  which  have  been  required  to  neutralize  the 
100  grams  of  dilute  acid.  As  each  equivalent  of  the  car- 
bonate which  IS  neutralized  represents  an  equivalent  of 
the  acid,  the  foUowmg  calculation  will  furnish  the  per- 
centage of  the  latter :  ^ 


Equiv.  of  crystallized 
carbonate  of  soda. 


144 


Equiv.  of  sul- 
phuric acid. 

I  ^  1 

49 


Grains  of  car- 
bonate used. 


Per  centage 
of  acid. 


173.  Determine  the  strength  of  nitric  (NO  )  and  h^rrlv^ 
cMoric  (M)  acids  by  this  Method,  and  compare  th^e  re-' 
(TeS,  m)  decomposition  of  m-Jle 

SECTION  III. 

Estimation  of  Carbonic  Acid  in  Carbonates. 

174.  The  quantity  of  carbonic  acid  (CO,)  containpd  in 
any  carbonate  which  is  readily  de-  contained  m 
composable  by  hydrochloric  acid, 
may  be  determined  in  the  foUow- 
f  g.'^anner.    Take  a  piece  of  tube 
b  (fag.  67),  five  or  six  mches  long, 
with  one  end  drawn  out  so  as  to 
leave  only  a  smaU  opening,  and  fill 
It  with  fragments  of  chloride  of 
calcium  (734),  putting  in  a  loose 
plug  ot  tow  or  cotton  wool  at  each 
end,  in  the  manner  alreadv  de- 
««"bed  (152).    Bend  a  piece  of 
quiU  tubing  in  the  form  shown  at 
d  (88),  and  by  means  of  perforated 
corks,  connect  the  two  tubes  with  a   ^  . 
faat-bottomed  flask,  capable  of  hold-             Carbonic  Acid 

-"Pparatus. 

F  2 
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ing  ten  or  twelve  ounces  of  water.  Select  a  tolerably  wide 
test  tube,  of  sucb  a  size  as  will  stand  in  the  flask  in  an 
inclined  position,  as  sbown  in  the  figure,  and  nearly  fiU  it 
with  strong  hydrochloric  acid  {SCI). 

175.  Put  into  the  flask  twenty  grains  of  marble  (CaO.COg) 
in  small  fragments,  and  pour  upon  it  about  an  ounce  of 
water :  then  cautiously  introduce  the  tube  c  containing  the 
acid,  taking  care  that  none  of  the  acid  is  allowed  to  come 
in  contact  with  the  marble  ;  connect  the  chloride  of  cal- 
cium tube  with  the  flask,  and  accurately  weigh  the  whole 
apparatus.  Now  gradually  incliae  the  flask,  so  as  to  allow 
the  acid  to  flow  slowly  upon  the  marble ;  the  carbonic  acid 
is  disengaged  with  effervescence;  is  deprived,  while  passing 
over  the  chloride  of  calcium,  of  the  moisture  with  which 
it  is  impregnated ;  and  passes  off"  through  the  small  aper- 
ture in  the  tube  b,  leaving  the  apparatus  of  course  Ughter 
than  before. 

CaO,C02+  E:CI=  CaCl+  H0+  C  O,. 

176.  When  the  effervescence  has  ceased,  the  flask  should 
be  gently  warmed,  and  when  cool  again,  the  cork  may  be 
removed,  and  air  drawn  through  the  flask  by  means  of  a 
small  piece  of  tube,  to  abstract  the  whole  of  the  carbomc 
acid  with  which  it  is  fiUed ;  and  which,  being  heavier  than 
common  air  (22),  would  add  to  its  apparent  weight.  The 
chloride  of  calcium  tube  is  then  replaced,  and  the  whole 
apparatus  again  weighed;  the  loss  of  weight  bemg  of 
course  that  of  the  carbonic  acid  expeUed.  By  multiplymg 
this  loss  by  5  (20x5=100),  the  percentage  of  carbomc 
acid  in  the  marble  is  obtained. 

177  Ascertain  in  the  same  way  the  percentage  ot  car- 
bonic acid  in  the  carbonate  (NaCCO^+lOAq)  and  bicar- 
bonate of  soda  (NaO,HO,2CO,). 


PART  II. 


ACTION  OF  EEAGENTS  ON  BASES  AND  ACIDS. 


CHAPTER  I. 

SECTION"  I, 

Introductory. 

178.  Qtialitatite  analysis  has  for  its  object  the  deter- 
mmation  of  the  elements  or  compounds  which  are  contained 
in  any  given  substance;  and  those  elements  and  com- 
pounds are  recognised  by  certain  characteristic  appear- 
ances which  they  present  when  exposed  to  the  action  of 
tests  or  reagents  or  when  otherwise  treated,  as  when  sub- 
mitted to  heat,  &c. 

Before  proceeding,  therefore,  to  the  more  compHcated 
processes  of  analysis,  it  is  advisable  that  the  student  should 
make  himself  familiar  with  the  action  of  reagents  on  the 
compounds  most  commonly  met  with  in  such  investiga- 
tions,  m  order  to  enable  Mm  properly  to  interpret  the 
SSq"  ^'^^^^^^      eiperimentr,  rephe: 

With  this  purpose  in  view,  he  should  not  merely  applv 
ks  tests,  and  superficiaUy  note  whether  a  precipitlte  K 
18  not  formed  but  he  should  endeavour  to  impress  on  hS 
recollec  ion  the  exact  appearance  which  it  presen  s?  both 
ir '''''  P^y^i*^^!  structure  f  whether  it  is 

meSlTfro'^^^'     f  1^*^"°"^ '  separates  t! 

mediately  from  the  solution,  or  requires  time  for  its  de 

velopment ;  as  well  as  the  action  of  solvents  (as  acids  and 

alkahes)  upon  it.   Besides  the  increased  faci%  whicl  te 
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will  tlius  gain  in  making  subsequent  experiments,  he  will 
be  acquiring  babits  of  close  and  accurate  observation,  which 
will  be  of  infinite  value  to  him,  not  only  in  pursuing  the 
study  of  chemistry,  but  in  almost  every  occupation  of 
life. 


SECTION  II. 


Classification  of  Bases  and  Acids. 

179.  In  describing  the  action  of  reagents,  and  the  rudi- 
ments of  chemical  analysis,  all  the  rarer  bases  and  acids 
will  be  omitted,  as  they  would  only  tend  to  confuse  the 
student.*  The  following  are  those  which  will  be  treated 
of,  as  being  most  commonly  met  with  in  analysis.  The 
bases  are  classified  according  to  their  behaviom-  with  hy- 
drosulp/mric  acid  (HS),  hydrosulphate  of  amvionia  (NH^ 
S,SS),  and  carbonate  of  soda  {NaO,CO.^.  Those  in  Class 
IV.  are  precipitated  as  sulphides  from  acidified  solutions 
by  hydrosulphuric  acid;  those  in  Class  III.  are  not  af- 
fected by  hydrosulphuric  acid  when  an  excess  of  hydro- 
chloric acid  is  present,  but  are  thrown  down  either  as  sul- 
phides or  oxides  when  their  neutral  solutions  are  treated 
with  hydrosulphate  of  ammonia :  those  in  Class  II.  are 
not  precipitated  by  either  hydrosulphuric  acid  or  hydro- 
sulphate of  ammonia,  but  are  thrown  down  as  carbonates, 
by  carbonate  of  ammonia  or  of  soda  :  and  those  in  Class  I. 
are  unafiected  by  any  of  those  reagents. 


Bases. 


Class  I. 

Potash  

Soda  

Ammonia  


Class  II. 

Magnesia     •    •    •    •    •    •    •    ;   ;   ;  (^^^O) 

*  In  the  Appendix  will  be  found  a  table  showing  the  behaviour  of  most  of 
the  rarer  substances  with  reagents. 
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Baryta  (Ba  O) 

Strontia  (Sr  O) 

Class  III. 

Alumina   (AUOa) 

Oxide  of  Chromium   (Cr^Og) 

Oxide  of  Zinc   (Zn  O) 

Protoxide  of  Manganese   (Mn  O) 

Protoxide  of  Iron   (Fe  O) 

Peroxide  of  Iron   (FooOo) 

Oxide  of  Nickel   (Ni"0) 

Oxide  of  Cobalt   (Co  O) 

Class  IV. 

Oxide  of  Arsenic  (arsenious  acid)     .    .  (As  O3) 

Arsenic  Acid   (As 

Oxide  of  Antimony   (Sb  OJ 

Protoxide  of  Mercury   (Hg  O) 

Peroxide  of  Mercury   (H^  Q,) 

Oxide  of  Lead   (Pb  0/ 

Oxide  of  Copper   (Cu  Q) 

Oxide  of  Silver   (^o-  Q) 

Protoxide  of  Tin  !    !  Sn  O) 

Peroxide  of  Tin   (SnO.) 

Oxide  of  Bismuth   (BijOg) 

Acids. 

The  acids  are  divided  into  two  groups,  the  Inorganic  and 
the  Organic.  . 

Inorganic  Acids. 

lfV^^^<^,  (SO3) 

Phosphoric  (PO ) 

^i'^  '.    ".  (BO3) 

^.^™omc   (C0„) 

C5U1C1C   (Si  O ) 

Hydrochloric   (HCl) 

Hydriodic   {^l) 

Hydrosulphuric  ',  (HS) 


Nitric 
Chloric 


(NO,) 
{CIO,) 
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Organic  Acids. 

OxaUc   (HO.CPg) 

Tartaric   (2  HO.CgHp^o) 

Citric   (3  HCCi^HoOu) 

MaUc   (2  HO.C.'HPs) 

Succinic   (HOjC^HjOg) 

Benzoic   (HOjCi^HgOg) 

Acetic   (HO.C.H^Os) 

Pormic   {BO,aS,Os) 

180.  Sliould  the  student  find  that  the  action  of  any  test 
does  not  agree  with  that  described,  it  may  be  owing  to 
some  impurity  contained  in  the  test  liquid,  in  which  case 
he  may  examine  it  in  the  manner  described  ia  the  section 
on  reagents  (689). 


CHAPTEE  II. 

METALS  BELONGING  TO  CLASS  I. 

Fotash,  Soda,  and  Ammonia. 

181.  The  three  bases  belonging  to  this  class  are  chiefly 
characterized  by  the  solubility  in  water  of  most  of  their 
compounds,  and  the  consequent  difficulty  of  obtammg  them 
in  an  insoluble  form,  and  of  separating  them  from  one 
another  in  the  shape  of  precipitates.  They  are  distm- 
euished  from  aU  other  bases  by  producmg  no  precipitate 
when  tested  with  either  of  the  three  classifymg  tests— viz., 
hydrosulphuric  acid,  hydrosulphate  of  ammonia,  and  car- 
bonate of  soda,  theu-  sulphides  and  carbonates  being  all 

^'^^Solutionl  of  the  uncombined  or  carbonated  alkaUes  are 
alkaUne  to  test-paper,  turning  reddened  litmus  blue,  and 
turmeric  brown. 
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SECTION  I. 

Fotash  (KO)  * 


A  solution  of  cUoride  of  potassium  (KCl)  may  be  used. 


182.  When  a  drop  of  the  solution  of  a  potash  salt  is 
evaporated  on  platinum  foil  and  ignited,  it  leaves  a  fixed 
residue,  in  which  respect  it  differs  from  ammonia  (192). 

183.  Observe  the  action  of  caustic  potash,  and  carbonate 
of  potash  in  solution,  on  litmus  and  hirmeric  paper. 

Test  the  solution  in  separate  test-tubes  with  hydrosul- 
plmric  acid,  hydrosulphate  of  ammonia,  and  carbonate  of 
soda.    No  precipitate  is  produced  in  either  case. 

184.  It  must  be  remembered  that  in  many  cases,  pre- 
cipitates do  not  sepai'ate  at  once  from  the  solutions,  but 
require  time  for  their  development.  This  is  especially  to 
be  regarded  in  the  precipitation  of  those  salts  which  are 
to  some  extent  soluble,  as  the  double  chloride  of  platinum 
and  potassium,  bitartrate  of  potash,  ammonio-phosphate  of 
magnesia,  and  many  others.  In  all  such  cases,  and  when- 
ever there  is  any  doubt  as  to  the  appearance  of  a  precipi- 
tate, it  is  better  to  leave  it  for  a  time,  and  not  to  decide 
that  no  precipitation  will  take  place  until  the  mixture  has 
stood  twenty-four  hours.  If,  after  that  period,  no  pre- 
cipitate appears,  it  may  be  safely  inferred  that  none  will 
afterwards  be  formed.  It  is  necessary  also  in  these  cases, 
that  the  solutions  should  be  tolerably  concentrated. 

185.  (C)  An  alcoholic  solution  of  bichloride  of  platinum 
{PtCl^)  when  added  to  neutral  or  slightly  acid  potash  solu- 
tions (especially  of  chloride  of  potassium),  throws  down  a 
fine  yellow  crystalline  precipitate,  consisting  of  the  double 
chloride  of  platinum  and  potassium  (KCl,PtCl2).  The 
presence  of  a  httle  free  hydrochloric  acid  assists  the 
formation  of  the  precipitate,  especially  when  the  potash- 
salt  is  any  other  than  the  chloride.  If  the  potash  solution 
is  dilute,  the  precipitate  does  not  form  at  once  ;  so  that  it 
is  necessary,  in  employing  this  test,  when  we  do  not  obtain 
a  precipitate  immediately,  to  allow  the  mixture  to  stand 
some  time  (184)  before  we  decide  that  no  potash  is  present. 
In  such  cases,  the  best  way  is  to  evaporate  a  mixture  of 
the  solution  of  chloride  of  potassium  and  chloride  of 

*  Those  tests  which  are  most  characteristic  are  distinguished  by  (C). 
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platinum  nearly  to  dryness  on  a  water  bath  (645),  and 
treat  the  residue  with  alcohol,  which  leaves  the  whole  of 
the  double  chloride  undissolved. 

_  As  ammonia  produces,  vrith  chloride  of  platinum,  a 
similar  precipitate,  it  is  necessary,  before  deciding  that 
the  indication  is  due  to  potash,  to  prove  the  absence  of 
ammonia  (194). 

186 ,  (C)  Add  a  solution  of  tartaric  acid  (2  HO,  C^B^  Ojo) 
in  excess  to  that  of  the  potash  salt,  which  should  be  either 
neutral  or  with  a  slight  excess  of  alkali.  A  colom-less 
crystalline  precipitate  is  produced  of  bitartrate  of  potash 
(KO,HO,CgH^O,o).  in  the  last  test,  the  precipitate 
does  not  appear  immediately  unless  the  solution  be  con- 
centrated ;  so  that  it  must  be  allowed  to  stand  a  short  time 
before  we  satisfy  ourselves  that  no  potash  is  present. 

The  separation  of  the  precipitate,  in  this  and  other 
similar  cases,  is  much  assisted  by  agitating  the  mixture 
with  a  glass  rod ;  wherever  the  rod  has  rubbed  against  the 
sides  of  the  tube  containing  it,  delicate  lines  of  microscopic 
crystals  are  deposited  before  any  precipitate  appears  in  the 
body  of  the  liquid. 

187.  (C)  Ignite  a  small  fragment  of  a  salt  of  potash  on 
platinum  wire  in  the  deoxidizing  flame  of  the  blowpipe  (83), 
and  observe  the  violet  colour  which  it  communicates  to  it. 
A  small  quantity  of  the  potash  (KO)  is  here  deoxidized, 
and  the  volatile  potassium  (K)  thus  formed,  is  again  oxidized 
while  passing  through  the  outer  flame,  which  combustion 
is  accompanied  by  the  violet  flame. 

The  same  colour  may  be  observed  in  the  flame  of  alcohol 
which  contains,  a  little  potash  ia  solution. 

It  is  to  be  observed,  that  in  these  experiments  the  pre- 
sence of  any  soda  prevents  the  appearance  of  the  violet 
tint,  on  account  of  the  intense  yellow  colour  which  the 
latter  base  gives  to  the  flame  (190). 

SECTION  II. 

Soda  (Na  O). 


■     A  solution  of  sulphate  of  soda  {NaO,SO^-\-\0  Aq) 
may  be  used. 

188.  (C)  An  alcoholic  solution  of  bicJdoride  of  plaiimim 
(PtC%)  gives  no  precipitate  in  solutions  of  soda  salts,  even 
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■wlien  tliey  are  concentrated.  If  the  mixture,  liowever,  be 
allowed  to  evaporate  spontaneously,  delicate  yellow  needle- 
shaped  crystals  of  the  double  chloride  of  sodium  and  plati- 
num (NaCl.PtClo)  will  gradually  form,  which  are  so  totally 
different  in  appearance  from  the  corresponding  potash 
compound  (185),  besides  being  readily  soluble  in  water  and 
alcohol,  that  the  two  cannot  be  mistaken  for  each  other. 

189.  (C)  Antimoniate  of  potash  {KO,Sh  Oj)  when  added  to 
soda  salts,  either  neutral  or  containing  a  slight  excess  of 
alkali,  produces  a  white  crystalline  precipitate  of  antimo- 
niate of  soda  (]SraO,Sb05)  (184).  If  the  soda  salt  under 
examination  contains  an  excess  of  acid,  it  should  be  neutral- 
ized with  potash  before  the  addition  of  the  antimoniate, 
as  otherwise  a  precipitate  of  antimonic  acid  (H0,Sb05)  or 
biantimoniate  of  potash  (KO,2Sb03)  might  be  produced, 
owing  to  the  decomposition  of  the  antimoniate  by  the 
free  acid. 

It  is  necessary,  in  employing  this  test,  that  both  it  and 
the  soda  solution  should  be  tolerably  concentrated,  as 
otherwise  no  precipitate  wHl  be  produced  (184). 

190.  (C)  When  a  fragment  of  a  salt  of  soda  is  heated 
before  the  blowpipe,  it  communicates  an  intense  yellow 
colour  to  the  flame ;  the  same  colour  is  produced,  also, 
when  alcohol  is  mixed  with  a  solution  of  soda,  and  burnt. 

191.  Neither  hydrosulphurie  acid,  hydrosulphate  of  am- 
monia, nor  an  alkaline  carbonate,  produce  any  precipitate 
in  solutions  of  soda,  neither  does  tartaric  acid  (186). 

SECTION  III. 

Ammonia  {NS^  or  with  one  equivalent  of  water,  which  all 
its  salts  with  oxygen  acids  contain  {NJI^O). 


A  solution  of  muriate  of  ammonia  (NJI^Cl)  may  be  used. 


192.  (C)  When  heated  on  platinum  foil,  the  salts  of  am- 
monia are  aU  decomposed ;  and  (unless  the  acid,  like  the 
phosphoric  or  boracic,  is  fixed  at  a  red  heat)  volatilize  com- 
pletely, leaving,  if  pure,  no  fixed  residue.  They  may 
be  m  this  way  readily  distinguished  from  the  salts  of 
potash  and  soda. 

193.  Like  potash  and  soda,  ammonia  gives  no  precipitate 
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With  hyd/rosulfJiuric  acid,  hydrosulphate  of  ammonia,  or 
an  alkaline  carbonate. 

194.  (C)  Bichloride  of  platinum  (PtCQ  throws  down  in 
ammoniacal  solutions,  which  are  not  very  dilute,  a  yellow 
crystalline  precipitate  of  the  double  chloride  of  platinum 
and  ammonium  (NH^Cl.PtCy,  which  is  very  similar  in  ap- 
pearance to  that  produced  in  solutions  of  potash  (184, 185). 

If  we  are  doubtful  whether  the  precipitate  obtained  by 
this  test  is  due  exclusively  to  ammonia,  or  whether  it  con- 
tains any  potash,  the  precipitated  double  chloride  may  be 
ignited,  and  the  residue  digested  in  water;  if  the  solution 
thus  obtained  give  any  precipitate  with  nitrate  of  silver, 
potash  is  present.  The  reason  is  this :  the  ammoniacal 
compound  (NH^Cl.PtClj)  leaves,  after  ignition,  nothing  but 
metalUc  platinum ;  while  the  potash  compound  (KCl,PtC]2) 
leaves  a  mixture  of  metallic  platinum  and  chloride  of  pot- 
assium, the  latter  of  which,  when  dissolved  in  water,  and 
tested  with  nitrate  of  silver,  gives  a  precipitate  of  chloride 
of  sHver  (AgCl)  (429). 

195.  (C)  The  salts  of  ammonia  are  all  decomposed  when 
gently  heated  in  a  test-tube*  with  a  solution  of  caustic 
potash  or  soda,  or  with  hydnfate  of  lime  (CaO,HO).  The 
fixed  alkali  here  combines  with  the  acid  of  the  ammo- 
niacal salt,  on  account  of  its  superior  affinity,  and  sets 
free  the  ammonia. 

NH^O.SOg+JTO^KO.SOg+NHg+^O. 

The  presence  of  the  free 
ammonia  in  the  upper  part 
of  the  tube  may  be  proved, 

(a)  By  its  weU-known 
odour ; 

(5)  By  its  alkaline  reac- 
tion on  turmeric  and  red- 
dened htmus-paper,  which 
should  be  previously  moist- 
ened, and  then  held  within 
the  tube,  care  being  taken 
that  it  does  not  touch  any 
part  of  it ;  and 

(c)  By  the  production  of 
dense  white  fumes  of  miu'iate 
of  ammonia  (NH^Cl),  when  a 

*  When  a  liquid  is  to  be  boiled  in  a  test  tube,  the  latter  may  be  conve- 
niently held  in  a  loop  of  paper  or  cloth,  as  shown  in  fig.  G8. 


Fig.  68. 
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rod  moistened  with  dilute  liydrocliloric  acid  (SCI)  is  held 
near  the  mouth  of  the  tube. 

196.  Tartaric  acid  {2R0,C^H:^0^^  behaves  with  ammo- 
nia in  the  same  way  as  with  potash,  throwing  down  a 
colourless  crystalline  precipitate  of  bitartrate  of  am- 
monia (JsTH^OjHO.CgH^Oio),  which  is,  however,  rather 
more  soluble  than  the  bitartrate  of  potash  (186). 

Summary  of  Class  I. 

197.  From  the  experiments  now  described,  it  appears  that 
the  three  alkalies  may  be  distinguished  from  other  metallic 
oxides  by  their  producing  no  precipitate  with  either  hydro- 
sulphuric  acid,  hydrosidphate  of  ammonia,  or  an  alkaline 
carbonate ;  one  or  more  of  which  causes,  as  we  shall  presently 
see,  a  precipitate  with  aU  the  other  bases.  Hence,  if  we 
have  a  solution  which  we  know  to  contain  some  inorganic 
saline  matter,  and  we  find  no  precipitate  produced  in  it  on 
the  application  of  those  tests,  we  conclude  that  the  base  of 
the  salt  is  either  potash,  soda,  or  ammonia. 

For  the  purpose  of  distinguishing  between  the  three 
alkalies  themselves,  we  may  first  test  for  ammonia,  by 
heatmg  with  potash  (195).  If  this  is  absent,  add  to  a 
tolerably  concentrated  solution  some  bichloride  of  plati- 
num or  tartaric  acid  (185,  186),  which  will  enable  us  to  dis- 
tmguish  between  potash  and  soda.  If  these  tests  give  no 
precipitate,  it  is  probable  that  the  base  is  soda ;  which  may 
be  confirmed  by  the  behaviour  of  the  solution  with  an- 
timomate  of  potash  (189),  and  by  allowing  the  mixture 
with  bichloride  of  platinum  to  evaporate  spontaneously, 
when,  if  yellow  needle-like  crystals  appear,  the  presence  of 
soda  may  be  considered  certain  (188). 
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Magnesia,  Lime,  JBaryta,  and  Strontia. 

198.  These  bases  are  distinguislied  from  the  alkalies  by 
the  insolubility  of  many  of  their  salts,  especially  their  carbo- 
nates and  phosphates  ;  so  that  when  treated  with  carbonate 
or  phosphate  of  soda,  they  furnish  copious  precipitates. 

SECTION  I. 

Magnesia  (MgO). 


A  solution  of  the  sulphate  ( Mg  0,80^+7 Aq)  is  the  most 
convenient  for  the  following  experiments. 


199.  Neither  hydrosulphwric  acid  nor  hydrosulpliate  of 
ammonia  give  any  precipitate  in  solutions  of  magnesia.* 

200.  (C)  Ammonia  (iVSg)  when  added  to  a  neutral 
solution  of  magnesia,  sepai'ates  a  portion  of  it  in  the  form 
of  hydrate  (MgO,HO),  which  appears  as  a  bulky  white 
precipitate. 

MgO,80^-^NS^+1KO=^gOM-0-^NS,0,SO.,. 

The  rest  of  the  magnesia  remains  in  solution,  in  com- 
bination with  the  ammonia  and  acid,  forming  a  soluble 
double  salt  of  ammonia  and  magnesia  {lSlSfi,MgO,^SO^. 
Most  of  these  double  salts  of  ammonia  and  magnesia  being 
soluble  in  water,  and  being  usually  formed  when  ammo- 
niacal  salts  are  present  in  excess,  the  latter  have  a  strong 
tendency  to  interfere  with  the  action  of  the  reagents,  which 
in  the  absence  of  ammonia  produce  a  precipitate.  For 

*  When,  as  is  sometimes  the  case,  the  hydrosulphate  contains  free  am- 
monia, it  may  cause  a  slight  precipitate  (200). 
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example,  if  the  solution  of  magnesia  be  mixed  with  muriate 
of  ammonia  {NH^Cl),  and  then  tested  with  ammonia  as 
above,  no  precipitate  is  produced. 

201.  Collect  on  a  filter,  and  wash  with  distilled  water, 
a  httle  of  the  precipitated  magnesia  obtained  in  the  last 
experiments,  and  place  it  while  moist  on  yellow  turmeric 
paper ;  the  magnesia  being  very  slightly  soluble  in  water, 
has  an  alkaline  reaction,  and  turns  it  brown. 

202.  Solution  o?  caustic  potash  {KO)  precipitates  hydrate 
of  magnesia  (MgCHO),  especially  if  the  mixture  is  heated. 

Mg0,S0^^K0-^E[0=Mg0,^0+K0,80^. 

Ammoniacal  salts  (as  muriate  of  ammonia),  if  present  in 
the  solution,  prevent  the  formation  of  this  precipitate,  or, 
if  added  subsequently,  often  redissolve  it. 

203.  Carbonate  of  potash  {KO,  CO.^)  gives  a  white  precipi- 
tate, consisting  of  basic  carbonate  of  magnesia  (4MgO,3C02 
+4Aq).  A  portion  of  the  magnesia  remains  in  solution 
as  bicarbonate,  which  when  boiled  is  decomposed,  and  the 
neutral  carbonate  (MgCCOp  being  insoluble,  is  precipi- 
tated. Ammoniacal  salts,  if  present,  prevent  the  forma- 
tion of  these  precipitates,  and  redissolve  them  if  subse- 
quently added. 

204.  Carbonate  of  ammonia  (2iV^^O,3CO,)  gives  no 
precipitate  unless  the  solution  is  boiled,  and  not  even  then 
unless  it  be  added  sparingly. 

J^^-  ^^^^P^'-^^^^c  acid  {SO, 80^),  or  stdphate  of  soda 
[Na0,80^),  produces  no  precipitate  in  solutions  of  magne- 
sian  salts,  since  the  sulphate  of  magnesia  is  soluble  in  water 
206.  (C)  Phosphate  of  soda  {2NaO,EO,PO.^  gives  a 
white  precipitate  of  phosphate  of  magnesia  (2M:gO^HO,PO  ) 
provided  the  solution  is  not  very  dilute,  and  especiaUv  on 
boilmg. 

The  addition  of  ammonia  or  its  carbonate  to  the  mag- 
nesian  solution,  renders  the  phosphate  of  soda  a  far  more 
dehcate  test  than  when  used  alone,  because  under  those 
circumstances  the  double  phosphate  of  ammonia  and  mae- 
nesia  (2MgO,NHp,PO,+12Aq)  is  produced,  which  is  lefs 
soluble  than  the  phosphate  of  magnesia,  and  is  conse- 
quently thrown  down  from  a  more  dilute  solution  than 
would  furnish  a  precipitate  with  phosphate  of  soda  alone 
it  the  solution  is  very  dilute,  the  precipitate  does  not 
appear  at  once,  but  if  allowed  to  stand  some  httle  time 
a  crystaUine  deposit  of  the  double  phosphate  gradudly 
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separates  (184).  Agitation  of  tlie  liquid  with  a  glass  rod 
hastens  the  formation  of  this  precipitate ;  and  it  is  re- 
markable that  if  the  tube  be  rubbed  at  all  with  the  rod 
during  agitation,  lines  of  minute  crystals  are  there  first 
deposited.  The  same  phenomenon  occurs  in  the  case  of 
the  bitartrate  of  potash  and  others,  in  which  the  precipitate 
is  slowly  deposited  from  a  dUute  solution. 

As  the  double  phosphate  is  readily  soluble  ia  an  excess 
of  acid,  and  slightly  so  in  water,  it  is  necessary  that  the 
solution  should  be  pretty  strongly  ammoniacal. 

It  will  be  observed  that  in  this  test,  the  effect  of  am- 
moniacal salts  in  the  solution  is  the  reverse  of  that  before 
described  (200).  When  mixed  with  ammoniacal  salts  in- 
deed, magnesia  can  be  precipitated  only  by  a  soluble  phos- 
phate. 

If  the  double  phosphate  be  ignited,  it  is  decomposed 
into  phosphate  of  magnesia  (2MgO,P05),  the  ammonia 
and  water  being  expelled. 

207.  Oxalate  of  ammonia  {NE^O,C^O^)  gives,  in  toler- 
ably strong  solutions,  a  white  precipitate  of  oxalate  of 
magnesia  (MgOjCjOa),  provided  no  other  ammoniacal  salts 
are  present. 

208.  (C)  ^ar;y!;aw(Zi!er  (5a 0  in  water)  gradually  throws 

down  a  white  precipitate  of  hydrate  of  magnesia  (MgO,HO) 

(184).    If  the  sulphate  of  magnesia  be  used,  the  insoluble 

sulphate  of  baryta  (BaO,S03)  wUl  be  thrown  down  at  the 

same  time.  ^ 

ilf^0,-S0,+5a0,S0=Mg0,H0+Ba0,S03. 

209  (C)  When  magnesia  or  one  of  its  salts  is  moistened 
with  a  solution  of  nitrate  oi  coh&li  {Co  O, NO,),  and  strongly 
heated  before  the  blowpipe,  the  mixture  assumes  a  pale 
flesh  or  rose  colour. 

SECTION  II. 

Lime  (CaO). 

A  solution  of  chloride  of  calcium  {CaCl)  or  nitrate  of  Ume 
{CaO,NO^-\-^Aq)  may  be  used  with  the  liqmd  tests. 

210  Place  a  small  fragment  of  caustic  lime  on  moistened 
turmeric  paper;  the  brown  colour  which  is  produced  shows 
the  alkalme  nature  of  lime. 
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211.  Kydrosidjpliuric  acid  and  hyd/rosulphate  of  ammonia 
give  no  precipitate  in  solutions  of 'salts  of  Lime. 

212.  Ammonia  produces  no  precipitate. 

213.  Potash  {KO)  tkrows  down  a  wliite  precipitate  of 
hydrate  of  Liine  from  concentrated  solutions,  wMcIl  redis- 
solves  when  treated  with  a  large  quantity  of  water. 

Ca  CI,  +  Z'0,^0=CaO,HO  +  KCl. 
If  any  of  the  precipitate  is  insoluble  when  treated  with 
water,  it  is  probably  owing  to  the  potash  containing  a  little 
carbonate,  which  would  cause  the  formation  of  the  inso- 
luble carbonate  of  lime  (214).  If  the  solution  of  hycbate 
of  Hme  be  exposed  to  the  aii-,  it  gradually  absorbs  carbonic 
acid,  and  a  deposit  of  carbonate  of  lime  takes  place,  which 
dissolves  with  effeiwescence  in  dilute  hydi-ochloric  acid. 

214.  (C)  Carbonate  of  potash  {KO,CO.)  throws  diO-wn  a, 
copious  precipitate  of  carbonate  of  lime  (CaCCOa),  which 
is  readily  soluble  with  eifervescence  in  dilute  hydrochloric 
or  nitric  acid. 

CaCl+KO,  COl=CsiO,CO,+ECl. 

The  quantity  of  the  precipitate  increases  on  boiling  the 
naixture ;  and  its  formation  is  unaffected  by  the  presence 
of  ammoniacal  salts. 

215.  Sulphuric  acid  {H0,80^)  or  stclpJiate  of  soda  (Na 
0,bO^),  when  added  to  concentrated  solutions  of  lime  give 
an  unmediate  white  precipitate  of  sulphate  of  hme  (CaO 
b03+2Aq). 

Ca  Cl+ Na  0,  SO,=CaO,  SO3 +iVa  CI. 

If  the  solution  is  not  concentrated,  the  precipitate  may 
not  appear  at  once,  but  will  gradually  separate  in  the  form 
of  mmute  crystals  (184) ;  and  if  the  solution  is  very  dilute 
no  precipitation  wiU  take  place,  because  the  sulphate  of 
hme,  being  soluble  in  about  500  times  its  weight  of  water 
remams  dissolved  if  sufficient  water  is  present.  In  solu- 
tions ot  sulphate  of  hme,  of  course  no  precipitate  is  pro- 
duced by  either  of  these  reagents.  ^ 

216.  (C)  After  having  thrown  down  the  sulphate  of  lime 
pour  the  mixture  on  a  filter,  and  test  the  filtered  solution 
with  oxalate  of  ammonia  (218) ;  sufficient  of  the  sulphate 
wm  have  been  retained  in  solution  to  give  a  very  JrcZ. 
tible  precipitate  with  the  oxalate.  Por  the  succ2sTtSs 
experiment,  it  is  necessary  that  the  Hquid  is  fi-ee  from  any 
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excess  of  acid,  since  tlie  oxalate  of  lime  is  soluble  in  most 
acid  solutions  (218). 

217.  Phosphate  of  soda  {2NaO,SO,PO,)  gives,  in  neutral 
or  alkaline  sokitions  of  lime,  a  white  preciintate  of  pbos- 
pliate  of  Ibne  (SCaO.SPOg),  wliicli  is  readily  soluble  in 
dilute  bydrochloric  acid,  and  reprecipitated  from  the  acid 
solution  when  neutralised  with  ammonia.*  The  presence 
of  ammonia  does  not,  as  in  the  case  of  magnesia  (206), 
facihtate  the  formation  of  this  precipitate. 

218.  (C)  Oxalate  of  ammonia  {NR^O,C^O^  is  an  ex- 
tremely delicate  test  for  bme.  When  added  to  a  solution 
containing  it  even  in  a  highly  diltited  state,  a  copious  white 
precipitate  of  oxalate  of  bme  (CaO,C203+2Aq)  is  pro- 
duced, which  is  one  of  the  most  insoluble  salts  with  which 
we  are  acquainted. 

CaGl+NE:,0,C^O^=M,Cp^+NJB:,Cl. 

It  is  necessary  that  the  solution  should  contain  no  excess 
of  acid,  as  the  oxalate  of  lime  is  soluble  in  acid  solutions  ; 
acetic  and  oxaUc  acids,  however,  do  not  dissolve  it. 

219  If  alcohol,  containing  a  salt  of  lime  m  sohition,  is 
burnt,  the  flame  has  a,  reddish  tinge,  less  crmison,  how- 
ever, than  that  caused  by  sti-ontia  under  the  same  cir- 
cumstances (236).  The  salts  of  bme  also  commimicate  a 
similar  colour  to  the  blowpipe  flame. 

SECTION  III. 

Baryta  (BaO). 

A  solution  of  chloride  of  barium  {BaCWAq)  may 
be  used  with  the  Hqmd  tests. 

220  Eydrosulphuric  acid  and  hydrosulphate  of  ammonia 
produce  no  precipitate  with  salts  of  baryta. 

^  221  Zl«^«>lien  free  from  carbonate,  gives  no  pre- 

""^'^t Potash  (KO)  in  dil^^^e  solutions  gives  no  p^^^^^^^ 
pitate  ;  but  if  the  baryta  solution  be  ^o^^J^^j  f^^'  ^^^^^^J 
do^m  a  bulky  crystaUine  precipitate  of  hycb-ate  ot  baiyta 
(BaO  HO  +9Aq),  which  redissolves  if  water  be  added. 

.  If-  ^he  phosphate  of  soda     added  dx-op  by^-op  to  an  exeesa  of  chloride 
of  calcium,  the  precipitate  consists  of  (2CuO,HU,i  V,). 
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223.  Carhonate  of  Potash  {KO,CO^,  and  carbonate  of 
ammonia  {2NII^0,^C0.-^,  tlirow  down  a  white  precipitate 
of  carbonate  of  baryta  (BaO,CO,). 

BaCl-\-KO,  00^=^10,00.^+ KCl. 

Wben  sesqnicarbonate  of  ammonia  is  used,  tbe  solution 
sliould  be  mixed  with  a  Httle  free  ammonia,  and  boiled,  to 
decompose  any  bicarbonate  of  baryta,  which,  if  present, 
would  remain  dissolved.  The  precipitated  carbonate  is 
readily  soluble  with  eflfervescence  in  dilute  hydrochloric  or 
nitric  acid. 

224  (C)  SulpJtv/ric  acid  {SO,SO^)  and  sulphate  of  soda 
{NaO,SO^)  produce  in  solutions  of  baryta  a  copious  white 
precipitate  of  sulphate  of  baryta  (BaO.SOg)  even  in  very 
duute  solutions.  ^ 

BaOl+NaO,SO,=BeiO,?>0,+NaOl. 

_  This  precipitate  is  quite  msoluble  in  hydrochloric  and 
nitnc  acids,  and  thus  differs  from  the  carbonate  formed  m 
the  last  experiment. 

225.  (C)  Solution  of  sulphate  of  lime  (CaO,SO^  thi-ows 
n  ^  r  ^"^""'^^^^  precipitate  of  sulphate  of  baryta  (Ba 
u,0U3j  J-ius  IS  the  most  convenient  form  of  applymff  a 
very  dilute  solution  of  a  sulphate  (sulphate  of  Ikue  re- 
quirmg  about  500  times  its  weight  of  water  to  dissolve  it) 
and  serves  to  disting-uish  baryta  from  strontia  (233) 

226  Phosphate  of  soda  {2NaO,HO,PO,)  causes  a  white 
precipitate  of  phosphate  of  baryta  (2BaO,flO,PO-)  which 
IS  soluble  m  free  acids,  but  is  reprecipitated  when  the  acid 
solution  IS  neutralized  with  ammonia. 

25aCT+2iVaO,^0,P05=2BaO,HO,P05+2iVaCT. 

The  presence  of  ammoniacal  salts  does  not  affect  the 
formation  of  this  precipitate. 

227.  Oxalate  of  ammonia  {NR,0,C^O,)  throws  down  a 
wlute  crys  alhne  precipitate  of  oxalate  of  baryta  (BaO  CO  ) 
if  the  solution  is  not  very  dilute  (184) .    It  requires  a  mi^i 

tate  with  oxalate  of  ammonia.    The  oxalate  of  baryta!  X 
998  ^^'n^  '■''^'^^y  in  free  acids.         ^  ' 

^-8.  ihe  flame  of  alcohol,  containmg  a  baryta  salt  bn, 
a  yeUowish  colour,  m  which  resnect  it  diffnr=  f  i- 
and  strontia  (219,  236).  ^  ^'^^ 

G  2 
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SECTION  IV. 


Strontia  (SrO). 


A  solution  of  nitrate  of  strontia  {SrO,NO^)  may  be  used. 


229.  Neither  hydrosulpliwic  acid  nor  hydb^osulphate  of 
ammonia  produce  any  precipitate  in  solutions  of  strontia. 

230.  Ammonia  and  potash  behave  with  solutions  of 
strontia  as  with  those  of  baryta ;  from  concentrated  solu- 
tions, potash  throws  down  the  white  hydrate  of  strontia 
(SrO,HO). 

231.  Alkaline  carbonates  also  act  as  with  solutions  of 
baryta  (223),  carbonate  of  strontia  (SrO.COa)  being  pro- 
duced. 

232.  (C)  Sulphuric  acid  {IIO,SO^  and  sulphate  of  soda 
{NaO,SO^  throw  down  a  white  precipitate  of  stdphate  of 
strontia  (SrCSOg)  immediately,  if  the  solution  is  not  very 
dilute,  and  after  standing  a  short  time  if  it  is  so  ;  in  the 
latter  case,  the  precipitated  sulphate  is  in  the  form  of 
minute  crystals. 

Sr  0,N0, + Na  0,  SOg^SrO,  SO3+ iVa  0,^0,. 

233.  (C)  Solution  of  sulphate  of  lime  {Ca0,80^)  gives 
no  immediate  precipitate  in  solutions  of  strontia,  but  if 
allowed  to  stand,  sulphate  of  strontia  gradually  separates. 
Strontia  may  thus  be  distinguished  from  barj^a  (225).  _ 

234.  Phosphate  of  soda  {2NaO,SO,PO,)  behaves  with 
solutions  of  strontia  as  with  those  of  baryta  (226). 

235  Oxalate  of  ammonia  {NS,0,aO^)  gives  a  white 
precipitate  of  oxalate  of  strontia,  in  strong  solutions,  but 

not  in  dUute.  ,  ,  .     ,  .  ,       i.    n  x     j.-  • 

236  The  flame  of  alcohol  m  which  a  salt  oi  strontia  is 
dissolved  or  which  contains  some  of  the  aqueous  solution, 
assumes  abeautiM  carmme  colour,  especiaUy  if  the  mixture 
is  stii-red.  The  colour  of  this  flame  should  be  compared 
with  that  produced  when  the  alcohol  contains  bine  (219). 
When  a  salt  of  strontia  is  heated  before  the  blowpipe, 
the  same  carmine  colour  is  communicated  to  the  flame. 
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Summary  of  Class  II. 

237.  Supposing  we  have  in  solution  a  salt  of  one  of  tlie 
metals  belonging  to  tlds  class — viz.  magnesia,'  lime,  baryta, 
or  strontia,  we  should  be  able,  without  any  difficulty,  by 
applying  a  few  of  the  most  characteristic  tests,  to  ascertain 
which  individual  of  the  class  it  is.  Thus  we  should  find 
that  a  solution  of  hydrosulphate  of  ammonia  gave  no  pre- 
cipitate, and  that  an  alkaline  carbonate  gave  a  white  one  ; 
from  which  we  should  infer  that  the  metal  belongs  to 
Class  II.  We  might  then  test  it  with  a  solution  of  sulphate 
of  hme,  which  would  tell  us  whether  baryta  or  strontia  were 
present  (225) ;  if  not,  add  to  a  very  dilute  solution  a  little 
oxalate  of  ammonia,  which,  if  the  base  were  hme,  would 
throw  it  down  as  oxalate  (218).  If  neither  of  these  tests 
gave  any  indication,  add  phosphate  of  soda  and  ammonia, 
when,  if  the  base  is  magnesia,  the  double  phosphate  of 
ammonia  and  magnesia  is  precipitated  (206). 

Before  finally  deciding,  however,  that  the  base  is  either 
of  these,  it  is  always  necessary  to  apply  other  confirmatory 
tests  in  addition  to  those  just  mentioned  (539). 


CHAPTEE  IV. 

METALS  BELONGING  TO  CLASS  III. 

Alvmina,  Oxide  of  Chromium,  Oxide  of  Zinc,  Protoxide 
of  Manganese,  Protoxide  of  Iron,  Peroxide  of  Iron, 
Oxide  of  Nickel,  and  Oxide  of  Cobalt. 

238.  The  metals  of  the  third  class  are  distinguished  from 
those  of  the  first  and  second,  in  being  precipitated  from 
their  neutral  solutions  by  hydirosulphate  of  ammonia ;  and 
from  those  of  the  fourth  class  in  bemg  tinafliected  (with 
the  partial  exception  of  peroxide  of  iron  (278)  )  when  their 
solutions,  contaioing  a  sUght  excess  of  acid,  are  treated 
with  hydrosulphuric  acid. 
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SECTION  I. 
Alumina  (Al^O^). 


A  solution  of  sulpliate  of  alumina  {Al20s,3SOs+ 18 Aq) 
may  be  used. 


239.  Jli/drosulpJmric  Acid  gives  no  precipitate  either 
in  a  neutral  or  acid  solution  of  alumina.* 

240.  (C)  Sydrosulpliate  of  Ammonia  {NI[^8,IIS)  when 
added  to  a  neutral  solution,  gives  a  wliite  precipitate  of 
hydi-ate  of  alumiaa  (Al203,3HO),  and  hydrosuli^huric  acid 
is  at  the  same  time  liberated. 

Al^O^,2,SO^-\-Z{NH^S,m)^%SO=KL,0.„mO 
+  3(iVJ,0,/S03)+6HS. 

241.  (C)  Ammonia  {NS^  throws  down  a  bulky  white 
gelatinous  precipitate,  which  consists  chiefly  of  hydrate  of 
alumina  (Al203,3HO)  with  a  small  admixture  of  ammonia, 
and  a  basic  salt  of  alumina ;  which  may  be  said  to  be  iaso- 
luble  ia  an  excess  of  ammonia,  although  with  a  very  laxge 
excess,  and  under  peculiar  circumstances,  a  portion  of  the 
precipitate  occasionally  redissolves. 

AL  0^,3SOs + 3iVS3+ 6^0=Al203,3HO  +  3(iVS;  0,S0^). 

242.  (C)  Potash  {KO)  also  gives  a  precipitate  of  hydrate 
of  alumiaa,  which.  Like  that  caused  by  ammonia, ,  usually 
contaias  a  Uttle  basic  salt :  it  differs  from  it,  however,  in 
being  entirely  soluble  in  an  excess  of  the  precipitant.  If 
the  solution  in  potash  is  mixed  with  mui'iate  of  ammonia 
[NS^Cl),  the  alumina  is  again  precipitated. 

Al^O^,'iSO^+^{KO,B:0)=M^O^,mO,  +  'dKO,SO^. 

243.  Carbonate  of  potash  {XO,CO^)  and  carbonate  of 
ammonia  (2N]IiO,^CO^)  give  a  precipitate  of  hydrate  of 
alumiaa,  which  is  iasoluljle  ia  excess. 

Ak  0^,Z80^+Z(K0,  CO,)  +  35"0= Al203,3HO 
+3(JrO,5'03)+3COo. 

244.  Sulphuric  acid  and  sulphate  of  soda  give  no  preci- 
pitate ia  solutions  of  alumina. 

245.  (C)  If  a  salt  contaiaing  alumiaa  be  moistened  with 

*  lu  most  cases  of  qualitative  analysis,  hydrosulphuric  acid  may  bo  applied 
in  the  state  of  solution  in  water  (700). 
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a  solution  of  nitrate  o£  cobalt  {CoO,NO,),  and  lieated  on 
charcoal  before  the  blowpipe,  it  assumes  a  beantiM  sky- 
blue  colour,  wMcb  is  very  characteristic,  as  no  other  sub- 
stance gives  so  decided  a  coloui-,  though  silica  acqiures 
under  the  same  circumstances  a  tmt  somewhat  smular, 
but  much  less  intense.  The  blue  colour  is  best  seen  by 
daylight,  after  the  mass  has  cooled,  as  by  candlehght  it 
appears  violet. 

SECTION  II. 

Oxide  of  Chromium  {Cv^O^.* 


A  solution  of  sulphate  of  chi-ome  {Cr^0y2,S0^)  may  be  used. 


246.  Sydrosulphtmc  acid  produces  no  precipitate  either 
in  neutral  or  acid  solutions. 

247.  (C)  Hydrosidphate  of  ammonia  {NH^8,E:S)  when 
added  to  neutral  solutions  of  oxide  of  chromium,  throws 
down  a  dark  green  precipitate  of  hydrated  oxide  of  chro- 
mium (CrgOj.SHO),  which  is  insoluble  in  excess. 

248.  (C)  Ammonia  (NH^  also  produces  the  same  pre- 
cipitate (CrjOg.SHO),  a  small  portion  of  which  redissolves 
ia  an  excess  of  ammonia,  forming  a  pale  pinkish  solution, 
but  is  again  precipitated  when  the  mixture  is  boiled. 

249.  (C)  Potash  (KO)  also  throws  down  the  hydrated 
oxide,  which  is  soluble  in  excess,  forming  a  green  solution; 
if  the  allcahne  solution  be  boiled  for  a  length  of  time,  the 
hydrated  oxide  is  again  precipitated,  leaving  the  Uquid 
coloui'less. 

250.  Carbonate  of  potash  {KO,  CO^  gives  a  dull  green 
precipitate  of  subcarbonate  of  chromium,  which  redissolves 
ia  a  large  excess  of  the  precipitant. 

251.  (C)  Oxide  of  chromium,  when  heated  before  the 
blowpipe  with  borax  or  microcosmic  salt,  either  in  the  inner 
or  outer  flame,  fuses  into  an  emerald-green  bead. 

252.  (C)  If  it  is  heated  with  a  mixture  of  nitrate  of 

*  It  ia  remarkable  that  several  of  the  compounds,  both  soluble  and  inso- 
luble, of  oxide  of  chromium,  which  are  green  by  dayUght,  appear  of  a  reddish- 
purple  colour  when  seen  by  candlehght.  This  j)eculiar  form  of  dichroism  ia 
seen  to  great  advantage  in  a  solution  of  the  oxalate  of  chrome,  which  is  green 
by  dayhght,  but  if  held  between  a  candle  and  the  eye,  appears  pui'phsh  crim- 
son. What  ia  stOl  more  remarkable  is,  that  if  a  green  ob:ect,  sucli  as  a  tree 
or  field,  be  viewed  by  dayhght  through  the  green  solution,  it  appears  of  a 
bright  reddish-purple  colour. 
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potash  (K0,N05)  and  carbonate  of  soda  (NaO.COj),  a  yel- 
low bead  of  alkaline  chromate  is  formed.  Here  a  portion 
of  the  oxygen  of  tlie  nitric  acid  combiaes  with  the  oxide 
of  chromium  {Cr^O^),  converting  it  into  chromic  acid  {Cr^ 
Og),  or  rather  (CrOg),  which  combuies  with  the  potash 
or  soda,  forming  an  alkaline  chi-omate  (KOjCrOg).  If  the 
bead  be  dissolved  in  water  acidulated  with  a  bttle  nitric 
acid,  the  solution  will  give  with  salts  of  lead  a  bright  yel- 
low precipitate  of  chromate  of  lead  (PbO,Cr03)  (363). 

SECTION  III. 

Oxide  of  Zinc  (ZnO). 


A  solution  of  sulphate  of  zinc  {ZnO,SO^+7Aq)  may 
be  used. 


253.  Sydrosulphuric  acid  (HS),  when  added  to  a  neu- 
tral solution  of  zinc,  causes  the  precipitation  of  a  portion 
of  it  as  sulphide  (ZnS).  This  test,  however,  for  reasons 
which  will  afterwards  appear  (541),  is  usually  applied  to 
solutions  containing  asHght  excess  of  hydrochloric  or  some 
other  acid.  For  this  purpose,  acidify  a  little  of  the  solution 
in  a  test-tube  Avith  a  drop  or  two  of  hydrochloric  acid  {SCI) 
and  then  test  it  with  hydrosulphuric  acid ;  it  will  in  this 
case  produce  no  precipitate. 

254.  (C)  Hydfrosulphate  of  ammonia  {NI£/^8,II8)  when 
added  to  a  neutral  or  alkaline  solution  of  zinc,  gives  a  copious 
curdy  precipitate  of  sidphide  (ZnS),  which  if  the  ziiic  salt 
be  pure,  is  white ;  but  if,  as  is  frequently  the  case,  any  ii-on 
is  present,  the  precipitate  will  be  more  or  less  coloured, 
owing  to  the  admixture  of  a  little  of  the  black  sulphide 
of  iron  (FeS). 

Zii0,B0^-VNR^8,HS,=Zn%+NS,0,80^-\-^^. 

255.  (C)  Ammonia  {NS^)  throws  down  a  white  gelati- 
nous precipitate  of  hydrated  oxide  of  zinc  (ZnO,HO),  which 
is  readily  soluble  in  excess. 

Z«  O, /SO3+ + 2JTO=ZnO,HO + iVS;  0, 1SO3. 
If  the  ammoniacal  solution  of  the  oxide  be  treated  with 
hydrosiilphuric  acid,  the  white  sulphide  (ZnS)  is  thi-owai 
down. 

256.  (C)  Potash  {XO)  behaves  in  the  same  manner  as 
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ammonia,  giving  a  precipitate  (ZnO,HO),  soluble  in  excess. 
Hydrosulphuric  acid  throws  down  the  white  sulphide  from 
the  potash  solution. 

257.  Carbonate  of  potash  (KO,  CO.^  gives  a  white  preci- 
pitate of  basic  carbonate  of  zinc  (3  (ZnO,HO)+2(ZnO, 
COj) ),  which  is  insoluble  in  an  excess  of  the  carbonate.  Am- 
moniacal  salts  in  solution  prevent  the  formation  of  this  pre- 
cipitate, since  they  combine  with  the  oxide  of  zinc,  forming 
double  salts,  which  are  soluble  in  water. 

258.  CarboTMte  of  ammonia  (2iVS"4  0,3  COj)  in  smaU 
quantity  throws  down  the  basic  carbonate  of  zinc  (3  (ZnO, 
HO)4-2(ZnO,C02)  ),  which  readdy  redissolves  in  an  excess 
of  the  ammoniacal  salt. 

259.  Sulphuric  acid,  and  sulphate  of  soda,  give  no  preci- 
pitate in  salts  of  zinc,  because  the  sulphate  of  zinc  is  soluble 
in  water. 

260.  (C)  When  oxide  of  zinc  or  any  of  its  salts  are  mixed 
with  carbonate  of  soda,  and  heated  on  charcoal  in  the 
inner  flame  of  the  blowpipe,  the  zinc  is  redn.ced  to  the 
metallic  state,  in  which  condition  it  is  volatilised  by  the 
heat,  and  reoxidised  while  passing  through  the  outer 
flame ;  the  oxide  thus  produced  is  in  part  deposited  on  the 
charcoal  in  the  form  of  a  pale  yeUow  incrustation,  which 
on  cooling  becomes  white  (116). 

261.  (C)  If  oxide  of  zinc  or  its  salts  be  moistened  with  a 
solution  of  nitrate  of  cobalt  {CoO,NO^,  and  heated  in  the 
outer  blowpipe  flame,  the  mixture  assumes  a  pale  green 
colour,  which  is  veiy  characteristic.  Zinc  can  in  this  way 
be  readily  distinguished  from  other  substances,  especially 
from  alumina  and  magnesia  (245,  209). 

SECTION  IV. 

Protoxide  of  Manganese  (MnO). 


A  solution  of  sulphate  of  manganese  {MnO,SO^-\-7 Aq) 
may  be  used. 


262.  Hydrosulphuric  add  (HS),when  added  to  an  acidi- 
fied solution  (formed  by  adding  a  few  drops  of  hydrochloric 
acid  to  a  little  of  the  solution  in  a  test-tube),  gives  no  pre- 
cipitate. If  the  solution  is  neutral,  a  partial  precipitation 
of  sulphide  (MnS)  takes  place. 
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263.  (C)  Hydrosulphate  of  ammonia  {NII^S,IIS)  gives 
in  neutral  solntions  a  flesli- coloured  gelatinous  precipitate 
of  sulphide  of  manganese  (MnS),  wkicli  is  insoluble  iu  ex- 
cess. If  this  precipitate  be  exposed  to  the  au-,  it  is  gradu- 
ally decomposed,  and  is  converted  into  the  dark  brown  hy- 
drated  sesquioxide  (Mn203,2HO),  in  consequence  of  the 
strong  affinity  of  manganese  for  oxygen,  which  it  absorbs 
from  the  air. 

264.  (C)  Ammonia  {NS^  throws  down  a  white  or  pale 
flesh-coloured  precipitate  of  hydrated  protoxide  of  manga- 
nese (MnO,HO),  which  if  exposed  to  the  air  becomes 
brown,  owing  to  the  formation  of  the  sesquioxide  (Mn^jOg, 
2H0)  as  iu  the  last  experiment.  2(MnO,HO)-|-0=Mn2 
03,2HO. 

If  muriate  of  ammonia(iViZ"4CZ)  is  present  in  the  solu- 
tion, it  prevents  the  precipitation  of  the  hydrated  prot- 
oxide ;  or,  if  added  subsequently,  redissolves  it,  owing  to 
the  formation  of  double  salts  of  ammonia  and  manganese, 
which  are  soluble  ui  water.  If  the  ammoniacal  solution 
be  exposed  to  the  air,  the  brown  sesqrdoxide  is  gradually 
precipitated. 

265.  Potash  {KO)  behaves  as  ammonia  iu  solutions  of 
manganese  :  the  presence  of  muriate  of  ammonia,  however, 
does  not  altogether  prevent  the  precipitation  of  the  prot- 
oxide. 

266.  Carbonate  of  fotash  (KO,  CO^)  or  of  ammonia 
(2NHiO,^CO^)  throws  down  a  white  precipitate  of  cai-bo- 
nate  of  manganese.  (MnOjCOj)  which  is  less  prone  to 
blacken  on  exjDosure  than  the  hydrated  oxide. 

Mn0,S0^+K0,C0.=Kn0,C0,^+K0,8(>y 

267.  (C)  When  compounds  of  manganese  are  mixed  with 
carbonate  of  soda  (NaO,C02)  and  heated  on  platinum  wire 
in  the  outer  flame  of  the  blowpipe,  the  manganese  becomes 
more  highly  oxidised,  and  is  changed  into  manganic  acid 
(MnOg);  this  combines  with  the  soda  to  form  manganate 
of  soda  (NaOjMnOg),  which  has  a  characteristic  green 
colour.  The  change  is  produced  stiU  more  rapidly  if  a  httle 
nitrate  of  potash  (KCNOg)  be  added  to  the  mixture. 

268.  (C)  When  mixed  with  borax  (NaO,2BO3+10Aq)  or 
microcosmic  salt  (NaO,NH40,HO,P05+8Aq),  and  heated 
in  the  outer  flame  of  the  blowpipe,  the  salts  of  manganese 
fonn  beads  of  an  amethyst  pui-ple  colour,  which  is  due  to 
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the  formation  of  tlie  red  oxide  (MiijO^) .  If  the  mixture  be 
heated  in  the  inner  flame,  the  colour  disappears,  o^ving  to 
the  reconversion  of  the  red  oxide  into  protoxide  (MnO) : 
this  loss  of  colour  tates  place  most  readily  with  microcos- 
mic  salt. 

SECTION  V. 
Protoxide  of  Iron  (FeO), 


A  solution  of  protosulphate  of  iron  {FeO,80^-\-^ Acj) 
maybe  used. 


269.  On  account'  of  the  strong  tendency  of  the  protoxide 
of  ii'on  to  absorb  oxygen  on  exposm'e  to  the  air,  and  become 
sesquioxide,  especially  in  aqueous  solutions  of  its  salts,  it 
is  difficult  to  retain  the  protosalts  in  solution  without  some 
admixtxu'e  of  sesquioxide;  so  that  in  testing  them,  the 
indications  of  some  of  the  reagents  are  frequently  more  or 
less  different  from  those  caused  by  a  pure  protosalt.  If 
the  solution  of  a  protosalt  be  boiled  with  nitric  acid,  the 
protoxide  is  whoUy  converted  into  peroxide.  6i^eO+iVOj 
=3i^e203+N02. 

270.  HydrosulpJmric  add  (HS)  produces  no  precipitate 
in  acidified  solutions  of  protoxide  of  iron :  a  slight  preci- 
pitation of  sulphide  (FeS)  takes  place,  however,  in  neutral 
solutions  of  some  of  its  salts,  especially  when  the  acid 
with  which  it  is  in  combination  is  a  feeble  one. 

271.  Hydrosulpliate  of  ammonia  {NIL^8,IIS)  when  added 
to  neutral  solutions  of  protoxide  of  iron,  throws  down  a 
black  precipitate  of  sulphide  (FeS),  which  is  insoluble  in 
excess. 

JfeO,;S03+JVS",<S,^<S+^0=FeS+iVS;0,/S03+HS. 

272.  (C)  Ammonia  {NH^  gives  a  precipitate  of  hydrated 
protoxide  of  iron  (FeO,HO),  which  is  at  first  nearly  white, 
but  almost  immediately  becomes  greenish.  If  this  precipi- 
tate be  exposed  to  the  air,  it  absorbs  oxygen,  and  is  changed 
into  hydrated  sesquioxide  or  peroxide  (FcoOg.SHO)  which 
has  a  reddish  brown  or  rust  colour.  Muriate  and  some 
other  salts  of  ammonia,  prevent  the  precipitation  of  the 
protoxide  by  ammonia,  forming  a  solution  of  a  double  salt 
of  ammonia  and  iron,  from  which  the  hydrated  peroxide 
is  gradually  precipitated  if  exposed  to  the  air. 
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273.  Potash  {KO)  beliaves  as  ammonia. 

274.  Carbonate  of  potash  (KO,CO^)  produces  a  precipi- 
tate of  carbonate  of  ii-on  (FeCCO,)  whicli  is  similar  in 
appearance  to  tlie  liydi-ated  protoxide  (272). 

275.  (C)  Ferrocyanide  of  potassium  {KJE'eCy^-\-^Aq)* 
throws  down  in  solutions  of  ]Drotoxide  of  ii-on,  a  precipitate 
(KFe32FeCy3)  wldcli  is  at  lirst  almost  white,  but  rapidly 
changes  to  pale  blue ;  the  colour  becomes  darker  on  expo- 
sure to  the  air,  owing  to  the  absorption  of  oxygen,  which 
combines  with  the  potassium  and  a  portion  of  the  iron, 
forming  at  the  same  time  prussian  blue  (Fe^SFeCyg)  (282.) 
This  change  takes  place  almost  immediately  if  a  little  nitric 
acid  or  chloride  of  lime  be  added  to  the  mixture. 

276.  _  (C)  Ferridcyanide  of  potassium  {K^,Fe^Cy^)-\  pro- 
duces in.  solutions  of  the  protosalts  of  iron,  a  beautiful  dark 
blue  precipitate,  similar  in  appearance  to  pmssian  blue, 
consisting  of  ferridcyanide  of  iron  (Fe^,'Fefij^). 

K^,Fe^  Cy, + 3  {Fe  O,  SO,)=-Fe„-Fe^Cj, + 3(X0,  SO,) . 

277.  Wlien  heated  with  borax  before  the  blowpipe,  salts 
of  iron  form  beads  which  m  the  oxidising  flame  become 
orange,  and  in  the  reducing  flame  green ;  the  colour  being 
due  to  the  iron  in  a  higher  or  lower  state  of  oxidation. 

SECTION  VI. 

Peroxide  or  Sesquioxide  of  Iron  (Fe^O,). 


A  solution  of  the  perchloride  of  iron  (Feo  CI,)  may  be  used. 


278.  Hydrosulphuric  acid  (HS)  causes  in  neuti-al  or 
acidified  solutions  of  the  persalts  of  iron,  a  sHght  precipi- 
tation of  sulphur,  which  gives  the  solution  a  milky  appear- 
ance. This  is  owing  to  the  decomposition  of  the  hj-drosid- 
phuric  acid  by  the  peroxide  of  u'on,  the  hydrogen  combining 
with  a  portion  of  its  oxygen,  reducing  it  to  the  state  of 
protoxide,  while  the  liberated  sulphiu'  is  precipitated  in  a 
finely  divided  state. 

Fe^  03,3/S03+ H  S  =%{FeO,  SO.+SO,  S0,+ S. 

*  FeTTOcyanogen  (FeCys)  which  is  here  combiued  with  potassium,  is  a 
hypothetical  radical  composed  of  iron  in  a  peculiar  state  of  combination  with 
cyanogen  (C2ISI ).— See  Fownea'  Manual  of  Chemistry,  p.  517. 

t  Ibid.  p.  521. 
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279.  mjdrosulphate  of  ammonia  {'NH^S,TIS)  separates 
tlie  wiiole  of  tlie  iron  from  soltitions  of  its  persalts,  as  tlie 
black  sulpKide  (FeS),  tlie  same  compound  as  that  produced 
in  the  protosalts.  The  peroxide  {Fe.^O^  is  in  fact  first 
converted  into  the  protoxide  {FeO)  by  the  deoxidismg 
affinity  of  the  hydrogen  and  sulphur  in  the  hydrosulphate, 
so  that  the  subsequent  change  is  the  same  as  that  produced 
in  the  protosulphate  (271).  If  the  solution  of  iron  is  very 
dilute,  no  precipitate  appears  at  first,  but  the  solution_  be- 
comes green,  and  if  allowed  to  stand  a  considerable  time, 
the  sulphide  gradually  separates. 

280.  (C)  Ammonia  [NR^)  throws  down  the  hydrated 
peroxide  of  iron  (FesOg.SHO),  in  the  form  of  a  bulky  red- 
dish brown  precipitate,  which  is  insoluble  in  an  excess  of 
ammonia,  and  is  unafiected  by  the  presence  of  ammoniacal 
salts. 

281.  Potash  {KO)  produces  the  same  precipitate  (Fe203, 
3H0),  which  is  insoluble  in  excess. 

282.  (C)  Ferrocyanide  of  potassium  {]r.2FeCy.^+BAq) 
produces  in  solutions  of  the  persalts  of  iron  a  beautiful 
precipitate  of  sesquiferrocyanide  of  iron,  or  prussian  blue 
(Fe,3FeCy3). 

3{K,^,FeCi/s)+2Fe^Cl3=Fe,d¥eCjs+6KCl 

This  is  an  extremely  delicate  and  characteristic  test  for 
the  persalts  of  iron,  as  the  precipitate  is  produced  even  ia 
veiy  dilute  solutions.  In  testing  for  iron  with  ferrocyanide 
of  potassium,  however,  it  must  be  borne  in  mind  that  when 
added  to  a  solution  containing  much  free  acid,  it  is  par- 
tially decomposed,  and  a  Httle  prussian  blue  is  formed, 
even  when  no  iron  is  present.  As  the  presence  of  free 
alkalies  also  interferes  with  the  formation  of  the  blue  pre- 
cipitate, solutions  to  be  tested  with  it  should  be  as  nearly 
neutral  as  possible. 

283.  Ferridcyanide  of  potassium  {K^,Fe^Cy^  produces 
no  precipitate  with  persalts  of  iron ;  it  gives,  however,  a 
deep  green  colour  to  the  sohition. 

284.  When  heated  before  the  blowpipe,  the  persalts  of 
iron  exhibit  the  same  appearances  as  those  of  the  prot- 
oxide (277),  on  account  of  the  facUity  with  which  the  two 
oxides  become  converted  into  one  another,  according  as 
they  are  placed  ia  the  oxidizing  or  the  reducing  flame. 
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SECTION  VII. 
Oxide  ofNicTcel  (NiO). 


A  solution  of  the  sulphate  of  nickel  {NiO.SO^+lAq) 
may  be  used. 


285.  HydrosulpJmric  acid  (HS)  causes  no  precipitate  in 
acidified  solutions  of  nickel;  but  if  the  solution  is  neutral 
especially  if  the  acid  of  the  salt  be  a  feeble  one,  a  partial 
precipitation  of  sulphide  of  nickel  (NiS)  takes  place. 

286.  Sydrosulphate  of  ammonia  (NII^8,SS)  throws 
down,  from  neutral  solutions,  a  black  precipitate  of  sul- 
phide (NiS)  which  is  very  shghtly  soluble  in  excess,  giving 
a  broTVTiish  tint  to  the  solution. 

287.  (C)  Ammonia  {NS^)  causes  a  pale  green  precipi- 
tate of  hydrated  protoxide  of  nickel  (]\fiO,HO)  which  re- 
dissolves  when  the  ammonia  is  added  in  excess,  owing  to 
the  fonnation  of  a  double  salt  of  ammonia  and  nickel 
{NE:^0,mO,2SO^)  which  is  soluble  in  water.  If  potash 
(^O)  be  added  to  the  ammoniacal  solution,  it  reprecipi- 
tates  the  hydi-ated  protoxide  of  nickel.  The  presence  of 
ammoniacal  salts  in  the  nickel  solution  prevents  the  preci- 
pitation by  ammonia. 

288.  Potash  {KO)  also  throws  down  the  hydrated  oxide 
of  nickel  (NiOjHO),  which  is  iasoluble  in  an  excess  of 
potash. 

289.  Carbonate  of  potash  {KO,CO^  gives  a  precipitate 
of  carbonate  of  nickel  (NiOjCOg),  together  with  a  Httle 
hydrated  oxide,  insoluble  in  excess. 

290.  Carbonate  of  ammonia  ("ZNIT^  0,3  C  O.-y)  produces  the 
same  precipitate,  which  redissolves  in  excess. 

291.  (C)  Cyanide  of  potassium  {KCy)*-  thi-ows  down  a 
precipitate  of  cyanide  of  nickel  (NiCy),  which  has  a  yel- 
lo^vish  green  colour :  it  redissolves  iu  an  excess  of  the 
alkaline  cyanide,  forming  a  dull  j^eUow  solution  of  the 
double  cyanide  of  nickel  and  potassium  {NiCi/,KCy),  from 
■which  the  cyanide  of  nickel  is  again  precipitated  on  the 
addition  of  dilute  sulphuric  or  hydrochloric  acid.    If  the 

*  Cyanogen  (Cy)  wHch  is  here  combined  Tvith  potassium,  is  a  compound 
of  carbon  and  nitrogen  (CjN). — See  Fowiies'  Manual  of  Clieniistry,  p.  501. 
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acid  mixtiare  be  boiled,  the  precipitate  agam  dissolves, 
formino-  a  solutiou  of  sulphate  or  chloride  of  nickel. 

292  ''(C)  When  heated  with  carbonate  of  soda  (NaO,C02) 
or  borax  (NaO,2BO3+10Aq)  in  the  inner  flame  of  the 
blo-^Tiipe,  the  compounds  of  nickel  are  reduced  to  the 
metaUic  state,  forming  grey-coloured  beads,  owing  to  the 
minutely-divided  metal  beuig  held  in  suspension  by  the 
melted  flux:  if  the  latter  be  dissolved  out  with_  water,  the 
precipitated  metal  will  be  found  to  be  magnetic.  In  the 
outer  flame  with  borax,  the  colour  of  the  bead  is  usually 
violet  whde  hot,  becoming  brown  or  yellow  on  cooling. 
With  microcosmic  salt,  the  bead  is  reddish  while  hot,  but 
loses  the  colour  more  or  less  entirely  when  cold. 

SECTION  VIII. 

Oxide  of  Cobalt  (CoO). 


A  solution  of  the  nitrate  {CoO,NOr,-\-QAq)  or  chloride 
( Co  CI)  may  be  used. 


293.  Hyclrosulphtiric  acid  (HS)  gives  in  acidified  solu- 
tions no  precipitate.  If  the  solution  is  neutral,  a  slight  pre- 
cipitation of  the  black  sulphide  of  cobalt  (CoS)  takes  place. 

294.  Sydrosulphate  of  ammonia  (1^11^8,118)  throws 
down  from  neutral  solutions  a  copious  black  precipitate  of 
the  sulphide  (CoS),  which  is  insoluble  in  excess,  and  also 
in  hydrochloric  acid. 

2  Co  Cl+NS,8,S8=2CoS + NH,  Cl+ HCl. 

295.  (C)  Potash  [KO)  throws  down  a  precipitate  of  a 
blue  colour,  consistiug  of  basic  salts  of  cobalt,  which  soon 
becomes  greenish  if  exposed  to  the  air,  owing  to  the  ab- 
sorption of  oxygen ;  and  lastly,  especially  if  the  solution  be 
boiled,  dirty  red,  owing  to  the  formation  of  hydrated  oxide 
of  cobalt  (CoO,HO).  The  precipitate  is  insoluble  iu  excess 
of  potash. 

296.  (C)  Ammonia  [NH^  behaves  as  potash,  but  the 
precipitate  readily  redissolves  in  an  excess,  forming  double 
salts  of  cobalt  and  ammonia,  which  are  soluble  in  water. 
If  the  ammoniacal  solution  is  exposed  to  the  air,  it  gra- 
dually becomes  darkfer,  owing  to  the  absorption  of  oxygen, 
and  formation  of  peroxide  of  cobalt  {Co„0^). 

297.  Carbonate  of  potash  {KO,  CO^)  produces  a  pale  pink 
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precipitate,  wliicli  is  a  mixture  of  carbonate  of  cobalt 
(CoO.COa)  and  bydrated  oxide  (CoO,HO). 

298.  (C)  Cyanide  of  potassium  {KCy)  Tvben  added  to  a 
solution  of  cobalt,  especially  wben  a  slight  excess  of  bydro- 
cbloric  acid  is  present,  gives  a  pale  brown  precipitate  of 
cyanide  of  cobalt  (CoCy),  wbicb,  wben  beated  witb  an  ex- 
cess of  cyanide  of  potassium  readily  redissolves,  formuig  a 
soluble  double  cyanide  of  cobalt  and  potassium  {K^Co^Cy^). 
Tbe  addition  of  sulpbiuic  acid  causes  no  precipitate  in  tbis 
solution  (291). 

299.  (C)  Tbe  compounds  of  cobalt,  wben  fused  witb 
borax  (NaO,2B03+ lOAq),  eitber  in  tbe  inner  or  outer  flame 
of  tbe  blowpipe,  form  beads  of  an  intense  blue  colour,  or 
if  tbere  is  mucb  cobalt  present,  nearly  black ;  tbis  appear- 
ance is  very  cbaracteristic.  Microcosmic  salt  acts  witb 
cobalt  in  a  similar  manner,  but  in  a  less  marked  degree. 
Wben  mixed  witb  carbonate  of  soda,  and  beated  on  char- 
coal in  tbe  deoxidising  flame,  oxide  of  cobalt  is  reduced  to 
tbe  metallic  state,  forming  a  magnetic  powder. 
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METALS  BELONGING  TO  CLASS  IV. 

Arsenic  {of  wliicli  there  are  tivo  oxides,  loth  having  acid 
properties — namely,  Arsenious  Acid  and  Arsenic  Acid), 
Oxide  of  Antimony,  Protoxide  of  Mercury,  Peroxide  of 
Mercury,  Oxide  of  Lead,  Oxide  of  Copper,  Oxide  of  Silver, 
Protoxide  of  Tin,  Peroxide  of  Tin,  and  Oxide  of  Bismuth. 

300.  Tbese  metals  are  distuaguisbed  from  those  of  tbe 
three  preceding  classes,  by  being  precipitated  from  their 
acidified  solutions  when  treated  with  bydi-osulphui-ic  acid. 
It  is  remarkable  that  nearly  all  tbe  metals  whose  com- 
TDounds  are  most  enunently  poisonous  belong  to  this  class  ; 
and  as  these  are  the  most  important,  especially  to  the 
medical  student,  they  are  placed  fii-st,  and  described  m  the 
order  of  their  importance.  The  oxides  of  arsemc,  though 
possessmg  acid  properties,  and  consequently  be  onging 
itrictlv  to  the  chapter  on  acids,  have  so  many  pecubarities 
in  coninon  witb  this  class  of  oxides,  that  I  have  mcluded 
them  in  it. 
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SECTION  I. 

Arsenious  Acid  or  Oxide  of  Arsenic  (ASO3). 

301.  On  account  of  tlie  liiglily  poisonous  nature  of 
arsenic,  great  cai'e  should  be  taken,  in  the  following  ex- 
periments, not  to  use  more  than  is  absolutely  necessary  to 
exhibit  its  peculiarities.  In  all  these  experiments  (except 
those  of  solution),  a  fragment  the  size  of  a  small  pin's  head 
is  quite  sufficient.  There  is  also  another  advantage  in 
using  such  small  quantities — namely,  that  in  most  medico- 
legal investigations,  the  quantity  to  be  looked  for  is 
equally  or  even  more  minute,  and  it  is  consequently  very 
important  that  the  student  should  make  himself  famiKar 
with  the  appearances  which  would,  under  these  circum- 
stances, present  themselves. 

_  301a.  (C)  The  following  experiment  should  only  be  made 
either  in  the  open  air  or  in  a  well-ventilated  room,  on  ac- 
count of  the  poisonous  properties  of  the  arsenic  vapour. 
If  a  small  fragment  of  arsenious  acid  be  heated  on  charcoal 
before  the  blowpipe,  it  is  wholly  volatilized,  and  a  smell  of 
garlic  will  generally  be  perceptible,  especially  when  it  is 
subjected  to  the  reducing  flame.  Both  metallic  arsenic 
and  its  oxide  are  volatile  when  heated,  but  the  fumes  of  the 
latter  have  no  smeU.  The  odour  of  arsenic  vapour  appears 
to  be  due  to  the  metal  while  undergoing  oxidation,  and 
may  be  caused  perhaps  by  the  formation  of  a  lower  oxide 
than  the  arsenious  acid;  it  is  always  observable  when 
metallic  arsenic  is  volatilized  in  contact  with  the  air. 

302.  (C)  Place  a  fragment 
of  arsenious  acid  in  a  narrow 
tube  (102),  and  apply  a  gen- 
tle heat  with  the  blowpipe. 
It  sublimes  without  decom- 
position, and  condenses  in  the 
cool  part  of  the  tube,  in  the 
form  of  minute  sparkling  octo- 
hedral  crystals  (fig.  69),  which 
should  be  examined  with  a 
lens,  as  they  are  highly  charac- 
teristic. The  size  and  regu- 
larity of  the  crystals  depend 
on  the  slowness  with  which  the 

H 


Fig.  69.  CrystaJs  of 
Arsenious  Acid. 
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vapoiu'  is  condensed.  If  the  surface  of  the  glass  on  which 
the  condensation  takes  place  is  quite  cold,  the  sublimate  is 
often  amorphous,  as  may  be  seen  by  holding  a  piece  of  cold 
glass  in  the  fumes  given  off  by  a  little  arsenious  acid, 
heated  on  charcoal  (301).  The  best  way  to  obtain  large 
and  well-defined  crystals,  is  to  put  a  few  grains  of  arse- 
nious acid  at  the  bottom  of  a  common  test  tube,  and  allow 
it  to  stand  on  a  tolerably  hot  sand-bath  for  half  an  hour, 
the  lower  part  only  of  the  tube  being  embedded  in  the 
sand.  If  a  small  strip  of  flat  glass  be  also  placed  iuside  the 
tube,  a  portion  of  the  acid  wUl  condense  upon  its  surface  ; 
thus  furnishing  a  convenient  specimen  for  microscopic 
examination. 

303.  (C)  Mix  a  little  oxide  of  arsenic  (AsOg)  with  black 
flux  (751),  which  if  at  all  damp  should  be  previously  dried 
on  the  sand-bath,  and  heat  a  little  of  the  mixture  in  a  clean 
tube  before  the  blowpipe.  The  arsenious  acid 
is  deoxidized  by  the  carbon  of  the  flux,  and  the 
metallic  arsenic  thus  reduced  sublimes,  and 
condenses  in  the  upper  part  of  the  tube,  form- 
ing a  more  or  less  brlUiant  metallic  crust,  a 
(fig.  70).  As03+3C=As+3CO. 

If  heat  be  now  apphed  to  the  sublimate,  it 
will  again  volatilize,  and  if  any  of  the  vapour 
escapes  from  the  tube,  it  may  be  recognised  by 
its  characteristic  odour  of  garlic  (301a). 

304.  (C)  Cut  oif  by  means  of  a  file,  the  por- 
Fi^. 70.  Crust  tion  of  the  tube  containing  the  crust,  break  h 
of  Arsenic  fragments,  and  place  some  of  them  in 
another  tube.  Sublime  the  arsenic  backwards  and  for- 
wards two  'or  three  times  in  the  tube,  and  observe  the 
gradual  conversion  of  the  metal  into  crystalline  arsenious 
acid,  which  is  formed  by  the  action  of  the  atmospheric 
oxygen  contained  in  the  tube. 

305.  BoU  a  few  grains  of  arsenious  acid  with  water  (m 
which  it  is  sparingly  soluble),  in  a  flask  :  filter  the  solution 
from  the  undissolved  portion,  and  retain  it  for  testing. 

306.  Eepeat  the  last  experiment,  with  the  addition  of  a 
few  drops  of  solution  of  potash  {KO)  to  the  water,  and 
observe  the  increased  solubUity  of  the  arsenic,  owing  to  the 
formation  of  arsenite  of  potash  {KO,AsO^).    Eetam  the 

solution  for  testing.  TTn,v    ,  ^  ^^  i 

807.  (C)  ^^iro5MZ?>/iMnc  acic?  (H  S),  when  passed  througJi 
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a  solution  of  arsenious  acid  or  of  a  neutral  arsenite  (699), 
causes  a  slow  and  gradual  precipitation  of  tersulphide  of 
arsenic,  or  sulpharsenious  acid  (AsSg),  whicli  it  will  be 
obseryed  is  analogous  in  composition  to  the  oxide  (ASO3), 
three  equivalents  of  sulphur  being  substituted  for  three 
eqiuvalents  of  oxygen.  ^sOg+SHS^AsSg+SiZ'O. 

If  the  solution  be  acidified,  however,  with  a  few  drops  of 
hydrochloric  acid,  a  much  more  rapid  and  complete  de- 
composition takes  place ;  and  if  the  gas  be  passed  through 
the  solution  for  some  time,  a  complete  separation  of  the 
arsenic  may  in  this  way  be  effected.  The  sulphide  of 
arsenic  thus  formed  has  a  bright  light-yellow  colour ;  it  is 
msoluble  or  nearly  so  in  dilute  hydrochloric  acid,  but  readily 
soluble  in  solutions  of  the  alkalies  or  their  carbonates. 
Boiling  nitric  acid  {NO^)  also  dissolves  it  with  decomposi- 
tion, forming  sulphuric  and  arsenic  acids. 

A.s,^^+6NO,=AsO,+^SO^+b^O„. 

308.  (C)  Filter  the  yellow  sulphide  formed  in  the  last 
expermaent,  and  dry  a  portion  of  it  at  a  gentle  heat  on  the 
sand-bath :  mix  a  little  of  it  with  black  flux  (303),  heat  it 
m  a  tube,  and  observe  the  formation  of  a  metallic  crust  of 
arsemc.  AsS3+3(E:0,CO„) +2C=As-f  3KS+4C 0,+  C 0 

309.  Eydromlfhate  of  ammonia  {NR^8,RS),  when 
added  to  a  neutral  solution  of  an  arsenite,  also  causes  the 
formation  of  the  yeUow  sulphide  (AsSg),  which  however 
does  not  precipitate,  but  remains  dissolved  as  the  double 
sulphide  of  arsenic  and  ammonium  {NII^8,AsS).  If  an 
acid  be  added  in  excess  to  the  mixture,  the  sulphide  of 
arsemc  is  immediately  precipitated,  of  a  somewhat  lighter 
colom-  than  that  thrown  down  by  hydrosulphuric  acid 
owing  to  the  admixture  of  a  little  sulphur  derived  from 
the  hydrosulphate  of  ammonia  (440). 

9A?CT  i^l^^^^^*^  UffO,NO,)  or  ammonio-niirate  {Ac/0 
^l\M^,jy Og)  of  stiver,  throw  down  in  neutral  solutions  of 
%f^}9'^^^^T^J-Goloured  precipitate  of  arsenite  of  silver 
(^AgU.AsOg),  which  is  soluble  both  in  ammonia  and  niti-ic 
acid,  it  must  be  remembered  that  pliosphate  of  soda  also 
produces,  with  nitrate  of  silver,  a  similar  precipitate,  which 

^^id  and  ammonia  (378) 
(cio27V?A  ammonio-sulphate 

enicalS;-f  '"^^i"^/'^'^"''  P'^^^^'"  ^^^^^^^l  ar- 
senical solutions,  a  delicate  green  precipitate  of  arsenite  of 
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copper  (2CuO,AsOg),  wliicli  dissolves  readily  both,  in 
ammonia  and  nitric  acid,  forming  a  rich  blue  solution.  It 
must  be  borne  in  mind,  in  employing  this  test,  that  a 
similar  precipitate  is  produced  when  the  solution  of  copper 
is  added  to  a  liquid  containing  decoction  of  onions  and 
some  other  vegetable  substances,  though  no  arsenic  may 
be  present. 

Marsh's  Test. 

312.  (C)  It  is  well  known  that  when  zinc  is  treated  with 
dilute  sulphuric  acid,  it  is  oxidized  at  the  expense  of  the 
oxygen  of  the  water,  and  hydrogen  gas  is  given  off  (12). 
If  in  addition  to  the  zinc  and  dilute  sulphuric  acid,  either 
of  the  oxides  of  arsenic  are  present,  the  zinc  abstracts 
oxygen  from  them  as  well  as  from  the  water ;  and  the  nie- 
tallic  arsenic  thus  formed,  combines,  at  the  moment  of  its 
liberation,  with  some  of  the  hydrogen  simultaneously  pro- 
duced, and  forms  a  gaseous  compound  called  m'seniuretted 
Tiyd/roqen  (AsHg),  which  passes  off  mixed  with  the  excess 
of  hydrogen.* 

^s03+6Zn+6(a'0,S03)=6(Z7iO,5f03)+AsH3+3JO. 

Ji^'ow  if  this  arseniuretted  hydrogen  is  heated  strongly, 
either  by  burning  in  the  air,  or  by  passmg  through  a  red- 
hot  tube,  it  is  decom- 
posed, and  metallic 
arsenic  or  its  oxide  is 
deposited  in  the  solid 
state,  while  the  libe- 
rated hydrogen  passes 
off. 

313.  Several  forms 
of  apparatus  have  been 
contrived  for  making 
use  of  this  property  in 
the  detection  of  arse- 
nic ; — of  these  the  fol- 
lowing is  in  practice 

the  most  convenient : 
Fig.  71.  Marsh's  Test.  r^^^  i^^^^.^^  ^  (£g_  7]^) 

*  It  must  be  borne  in  mind  that  this  gas,  lilce  most  of  the  other  compounds 
of  arsenic,  is  highly  poisonous;  so  tliat  the  e.vperiment  should  never  be  per- 
formed in  a  close  room,  but  in  the  open  air  or  in  a  well- ventUated  apartment. 
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should  be  capable  of  containing  six  or  eight  ounces  of 
water,  and  is  connected  by  means  of  a  perforated  cork  with 
the  tubes  h  and  c,  which  should  be  about  half  an  inch  in 
diameter:  to  the  latter  is  attached,  by  means  of  a  cork,  the 
tube  d,  which  should  be  made  of  hard  German  glass,  bent 
at  a  right  angle,  having  the  end  e  drawn  off  so  as  to  dimi- 
nish the  aperture.  A  few  fragments  of  zinc  are  placed  in 
the  bottle,  and  when  the  cork  with  its  tubes  is  attached, 
pour  a  little  dilute  sulphuric  acid  down  the  tube  b,  which 
should  reach  nearly  to  the  bottom  of  the  bottle,  and  allow 
the  gas  (hydrogen)  to  be  given  off  for  five  minutes.*  Then 
heat  the  narrow  tube  with  a  spirit  lamp  at  the  point  d, 
and  observe  carefully  whether  there  is  any  deposit  pro- 
duced inside  the  tube :  this  precaution  is  necessary,  since 
some  kinds  of  sulphuric  acid,  and  also  of  zinc,  contain 
traces  of  arsenic.  If  no  stain  is  produced,  it  may  be 
assumed  that  the  materials  are  pure. 

314.  The  solution  containing  (or  suspected  to  contain) 
arsenic,  acidified  with  a  few  drops  of  hydrochloric  acid,  is 
now  introduced  through  the  tube  b,  the  heat  being  still 
applied  to  the  narrow  tube  at  d,  as  before.  If  arsenic  is 
present  in  the  liquid,  it  wUl  cause  the  formation  of  arseniu- 
retted  hydrogen;  which  on  passing  through  the  heated 
tube  is  decomposed,  and  the  arsenic  deposited,  not  exactly 
at  the  heated  point,  but  a  quarter  or  half  an  inch  beyonci, 
in  consequence  of  its  volatility.  The  metallic  crust  thus 
formed  may  be  volatihzed  backwards  and  forwards  in  the 
tube,  by  heating  it  with  the  flame  of  a  spirit  lamp. 

315.  (C)  The  arsenical  crust  may  also  be  obtained  in 
another  way — namely,  by  fighting  the  jet  of  gas  as  it  issues 
from  the  aperture  e,  and  holding  in  the  flame  a  small 
porcelain  plate  (for  which  purpose  the  fid  of  a  porcelain 
crucible  answers  extremely  wefi),  when  the  metafile  ar- 
senic wfil  be  deposited  in  the  form  of  a  dark  shining  spot : 
if  the  porcelain  plate  be  raised  a  fittle,  so  as  to  be  out  of 
the  flame,  the  arsenic  in  the  state  of  vapour  becomes  ox- 
idized whfie  passuig  through  the  air,  and  a  white  deposit 
of  arsenious  acid  is  formed  on  the  plate.  By  applying  heat 
to  the  dark  spots,  they  are  readfiy  volatfiized,  and  the  fumes 
wifi  be  found  to  have  the  characteristic  odour  of  garlic. 

of  h  vTwI* "^^y  ''^^^  *°  ^PP^y      ^^''t     o""®'     tliat  a  mixture 

to  ailnfvTmof"  M^T",  '^'l  •'■Shly  explosive  (17),  so  that  it  is  necessary 
^  a  "^^"^^         common  air  to  be  expelled  by  the  hydroeen  • 

as  otherwise  serious  injury  might  be  caused  by  an  explosion  of  the  mixed  gfses! 
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A  few  of  tliese  spots  should  be  retained  for  further  exami- 
nation, and  for  comparison  with  those  of  antimony  (320). 


317.  Marsh's  test  as  just  described  is  so  extremely  de- 
licate, that  it  is  capable  of  detecting  arsenic  in  a  solution 
containing;  the  millionth  of  its  weight  of  the  acid,  and  may 
be  considered  the  most  conclusive  test  which  we  possess. 
It  is  however  hable  to  this  objection,  which  is,  in  practice, 
easily  overcome.  It  is  found  that  antimony,  when  present 
in  a  mixture  of  zinc  and  dilute  sulphuric  acid,  combines 
with  the  liberated  hydrogen,  precisely  in  the  same  way  as 
arsenic,  forming  an  analogous  compound  caUed  antimo- 
niuretted  hydrogen  (SbHg);  which,  when  heated,  is  de- 
composed, and  the  metaUic  antimony  is  at  the  same  time 
deposited.  Hence  it  is  extremely  important  that  we  should 
be  able  to  distinguish  accurately  between  them,  as  other- 
wise we  should  not  be  sure  whether  the  crust  produced  by 
Marsh's  test  were  due  to  arsenic  or  antimony.  One  or  two 
experiments  are  generally  snfficient  to  enable  us  to  do  this. 

318.  For  the  purpose  of  comparison,  empty  the  zinc  and 
sulphuric  acid  from  the  bottle  used  for  the  arsenic  experi- 
ments (313),  and  substitute  fresh  zinc  and  acid.  When 
the  gas  has  been  coming  off  about  five  minutes  (Note  to 
313),  pour  in  a  few  drops  of  a  solution  of  the  double  tai-- 
trate  of  antimony  and  potash  {XO,SbO^,C^II^OiQ+2Aq) 
and  apply  heat  as  before  at  the  point  d.  A  crust  of  anti- 
mony will  be  deposited  at  tJie  heated  point,  and  not,  as  in 
the  case  of  arsenic,  at  a  little  distance  from  it ;  this  is 
owing  to  the  antimony  being  less  volatile  than  arsenic, 
and  it  will  be  found  impossible  to  volatUize  it  by  the  heat 


Fig.  72. 


316.  Hold  a  short 
test-tube  with  the 
mouth  downwards, 
just  above  the  apex 
of  the  flame  (fig.  72) 
for  a  few  moments, 
so  as  to  collect  some 
of  the  arsenious  acid 
formed  by  the  ox- 
idation of  the  ar- 
senic vapour,  and 
reserve  the  tube  for 
comparison  with  an- 
timony (323). 
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of  a  common  spirit  lamp.  In  this  respect,  therefore,  we 
are  enabled  in  some  measure  to  judge  whether  the  stain  is 
due  to  antimony  or  arsenic. 

319.  Light  the  jet  of  gas  that  issues  from  the  aperture  e 
as  in  (315),  and  hold  over  the  flame  a  porcelain  plate  as 
before :  a  deposit  of  metallic  antimony  will  be  formed 
similar  to  that  of  arsenic,  but  blacker  and  less  shining. 

Prepare  a  few  of  these  spots  for  comparison  with  those 
of  arsenic  formed  in  (315). 

320.  (C)  Apply  the  heat  of  a  spirit  lamp  to  one  of  each 
kind  of  spot,  and  observe  the  superior  volatility  of  the 
arsenic,  and  the  garlic  odour  of  its  vapour. 

321.  (C)  Moisten  one  of  each  kind  of  spot  with  hydro- 
sulphate  of  ammonia  {NII^8,IIS),  which  for  tliis  purpose 
should  contain  an  excess  of  sulphur  (710),  and  observe  that 
the  antimony  is  immediately  dissolved,  while  the  arsenic 
remains  nearly  unaiFected  for  a  considerable  length  of 
time.  This  is  a  most  valuable  means  of  distinguishing 
between  them,  and  was  first  observed  by  Dr.  Guy. 

322.  (C)  If  the  spots  be  moistened  with  a  solution  of 
chloride  of  lime  (CaOCl),  the  arsenic  will  dissolve,  while 
the  antimony  will  remain  unaffected. 

323.  (C)  The  foUowtng  may  also  be  taken  as  a  distin- 
guishing test  between  arsenic  and  antimony  whenJMarsh's 
process  is  followed.  Light  the  jet  of  gas  issuing  from  the 
apparatus,  and  hold  over  it  a  short  tube  as  in  (316),  so  as 
to  collect  a  little  of  the  oxide  of  antimony  (SbOg)  formed 
by  the  oxidation  of  the  antimonial  vapour.  Compare  the 
sublimate  thus  formed,  with  that  of  arsenious  acid,  and 
observe  the  more  crystalline  appearance  of  the  latter. 
When  the  tube  is  cold,  pour  in  a  httle  water,  and  treat 
the  arsenious  acid  in  the  same  way:  observe  that  the  latter 
dissolves  in  the  water,  while  the  oxide  of  antimony  re- 
mains insoluble.  The  solution  of  arsenious  acid  may  then 
be  divided  into  three  portions  and  tested ;  the  first  with 
hyd/rosulphuric  acid  (307) ;  the  second  with  ammonio-nitrate 
of  silver  (310);  and  the  third  with  ammonio-sulpJiate  of 
copper  (311). 

These  experiments,  in  conjunction  with  the  other  liquid 
tests,  will  be  found  sufficient  to  prevent  the  possibility  of 
error  m  the  use  of  Marsh's  test. 
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Meinsch's  Test. 

.  324.  (C)  This  test  is  founded  on  tlie  circumstance  that 
when  a  metal,  such  as  copper,  is  heated  in  a  solution  of 
another  metal  more  electro-negative  than  itself,  the  latter 
is  separated  in  the  metallic  state,  and  deposited  on  the 
surface  of  the  former,  which  is  at  the  same  time  dissolved 
in  atomic  proportion.  A  little  of  the  solution  containing 
arsenic  is  acidified  vrith  a  few  drops  of  hydrochloric  acid, 
and  boiled  in  a  test-tube  with  a  strip  or  two  of  clean  copper 
foil:  the  arsenic,  being  more  electro-negative  than  the 
copper,  is  deposited  on  the  surface  of  the  foil,  and  the 
whole  is  in  this  way  separated  from  the  solution. 

^503+3Cu=As-f3CMO. 

325.  The  appearance  of  a  metallic  deposit  on  the  copper 
is  not,  however,  necessarily  a  proof  of  the  presence  of  arsenic, 
since  other  metals  (as  bismuth,  silver,  mercury,  or  antimony) 
would  produce  a  similar  incrustation,  beiag  all  more  electi-o- 
negative  than  copper.  Arsenic,  however,  is  readily  dis- 
tinguished from  any  of  these  in  the  following  manner. 

Take  the  copper  strips  out  of  the  solution,  and  dry  them 
cautiously  between  folds  of  filtering  paper,  or  with  a  very 
gentle  heat :  place  them  in  a  clean  dry  test-tube,  and  apply 
heat,  when  the  arsenic  will  be  volatilized,  and,  becoming 
oxidized  by  the  air  contained  in  the  tube,  will  form  a  crys- 
talline sublimate  in  the  upper  part  (302). 

Had  the  deposit  on  the  copper  been  either  of  the  other 
metals  (with  the  possible  exception  of  antimony  and  mer- 
cury), it  would  not  have  been  volatilized  when  heated :  if 
it  were  mercury,  minute  globules  of  the  metal  would  have 
condensed  in  the  cool  part  of  the  tube :  and  had  it  been 
antimony,  a  higher  degree  of  heat  would  have  been  neces- 
sary to  sublime  it ; — the  sublimate  would  have  been  white 
and  amorphous  instead  of  crystalline ; — and  when  treated 
vdth  water,  would  prove  insoluble,  while  the  arsenious  acid 
would  dissolve,  and  the  solution,  on  being  tested,  would 
show  the  presence  of  arsenic* 

*  As  the  hydrochloric  acid  of  commerce  frequently  contains  traces  of 
arsenic,  it  is  always  absolutely  necessai-y.  in  medico-legal  investigations,  to 
ascertain  whether  the  acid  employed  is  perfectly  free  from  it ;  tliis  is  easily 
done  by  boiUng  a  little  of  the  acid,  diluted  with  distilled  water,  in  a  test  tube 
with  copper  foil,  which  should  then  be  dried  and  heated  in  a  clean  tube, 
when  if  arsenic  is  present  it  will  sublime. 
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THs  excellent  test  may  be  considered  almost  equal  to 
Marsh's,  both  in  point  of  delicacy  and  freedom  from  sources 
of  eiTor. 

Arsenic  Acid. 

326.  Mix  a  little  arsenious  acid  with  nitre  (KOjNOg),  and 
heat  it  in  a  tube.  The  nitric  acid  of  the  nitre  gives  up  a 
portion  of  its  oxygen  to  the  arsenic,  forming  arsenic  acid 
(AsO^). 

2As03+2NO-=2As05+N02+NO,. 

Dissolve  the  fased  mass  in  water,  neutralize  the  solution 
with  dilute  nitric  acid,  and  test  it  with  nitrate  of  silver 
(AffOjNO^) :  a  reddish  brown  precipitate  of  arseniate  of 
silver  (3AgO,As05)  is  thrown  down,  which  is  soluble  in 
nitric  acid,  and  also  in  ammonia. 


Detection  of  Arsenic  in  Organic  Mixtures. 

327.  In  most  cases  of  medico-legal  investigation  as  to 
the  presence  of  arsenic,  we  have  to  deal  with  mixtures 
containing  a  considerable  quantity  of  organic  matter  both 
liquid  and  soUd,  which  seriously  interferes  with  the  action 
of  the  tests.  Several  methods  have  been  employed  to  get 
rid  of  these  matters,  but  the  following  is  perhaps  the  sim- 
plest, and  at  the  same  time  the  most  eflfectual:  it  is  a 
modification  of  Keinsch's  test. 

If  the  organic  mixture  suspected  to  contain  arsenic  is 
fluid,  it  is,  previous  to  filtration,  boiled  for  half  an  hour 
with  about  one-tenth  of  its  bulk  of  strong  hydrochloric 
acid,  the  purity  of  which  should  of  course  be  ascertained 
(see  note  to  325) ;  and  if  necessary,  filtered  from  any  soHd 
matter.  It  is  then  boiled  with  copper  foil,  when  the  arsenic, 
if  present,  is  deposited  on  the  copper,  which  must  be  sub- 
sequently heated  iu  a  tube  according  to  the  directions 
already  given  (325). 

If  the  matter  to  be  examined  is  solid,  it  is  treated  with 
dilute  hydrochloric  acid  containing  about  one-tenth  of  the 
strong  acid,  boiled  for  half  an  hour  or  an  hour,  filtered  if 
necessary,  and  then  boiled  with  copper  as  before. 

If  the  arsenic  is  present  only  in  very  small  quantity,  a 
quarter  of  an  hour  may  elapse  before  the  deposition  takes 
place ;  and  if  it  does  not  then  appear,  the  boiling  should 
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be  continued  half  an  hour  or  even  longer,  before  we  finally 
conclude  that  no  arsenic  is  present. 

For  further  particulars  on  this  subject,  the  student  may- 
refer  to  Dr.Christison's  Treatise  on  Poisons,  or  to  Dr.  Guy's 
excellent  work  on  Forensic  Medicine. 


SECTION  II. 

Oxide  of  Antimony  (SbOg). 


For  the  liquid  tests,  a  solution  of  the  double  tartrate  of 
antimony  and  potash  {KO,8bO^,C^IIfi^Q-\-2Aq),  or  of 
chloride  of  antimony  {ShCl^  in  hydrochloric  acid,  may 
be  used. 


328.  (C)  Heat  a  small  crystal  of  the  double  tartrate  in  a 
tube,  and  observe  that  it  decrepitates  and  blackens,  owing 
to  the  decomposition  of  the  vegetable  acid  (OgH^Ojo)  and 
the  consequent  deposition  of  charcoal.  Ignite  the  residue, 
which  consists  of  charcoal,  carbonate  of  potash,  and  oxide 
of  antimony,  on  charcoal  in  the  deoxidizing  flame  of  the 
blowpipe,  when  the  oxide  of  antimony  Moll  be  reduced,  and 
small  globides  of  the  metal  will  appear :  a  portion  of  the 
reduced  metal  volatilizes  with  the  heat,  becomes  reoxidized 
whUe  passing  through  the  outer  flame,  and  the  oxide  thus 
produced  is  deposited  on  the  charcoal,  either  in  the  form 
of  a  white  powder  or  in  crystalline  needles. 

329.  (C)  "When  a  stream  of  liydrosulplmric  acid  (HS) 
is  passed  through  a  solution  of  antimony  acidified  with  a 
little  hydrochloric  acid,  an  orange-red  precipitate  of  sul- 
phide of  antimony  (SbSg)  is  produced,  which  is  soluble  in 
alkaline  solutions,  and  difficultly  so  in  hot  hydrochloric 
acid.  If  the  solution  is  neutral,  the  precipitation  takes 
place  but  imperfectly,  and  in  alkaline  solutions  not  at  all. 

330.  Hydrosulphate  of  ammonia  (NH^S,B:S)  when  added 
in  small  quantity,  gives  an  orange  precipitate  of  sulphide 
(SbSg),  which  redissolves  iu  an  excess  of  the  hydrosulphate. 
If  the  alkaline  solution  thus  formed  be  neutralized  with 
an  acid,  the  sulphide  is  reprecipitated,  mixed  with  a  little 
sulphur  (309). 

331.  Ammonia  [NE^),  Potash  [KG),  or  their  carbonates, 
throw  down  from  solutions  of  chloride  of  antimony  {SbCQ, 
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but  not  in  solutions  of  tlie  double  tartrate,  a  white  precipi- 
tate of  oxide  of  antimony  (SbOg),  wbicb.  is  soluble  in  excess 
of  potash,  but  insoluble  or  nearly  so  in  the  other  solutions. 

332.  (C)  If  a  solution  of  chloride  of  antimony  in  hydro- 
chloric acid  be  diluted  with  a  good  deal  of  water,  a  white 
precipitate  of  basic  oxichloride  of  antimony  (SbClg.SSbOj) 
IS  produced,  which  if  allowed  to  stand  for  some  time,  be- 
comes crystalline. 

A  similar  precipitate  is  formed  under  the  same  circum- 
stances ia  solutions  of  bismuth  (394) :  the  bismuth  pre- 
cipitate may  be  distinguished  by  its  insolubility  in  tartaric 
acid  (2 SO,  CgH^O^g),  ia  which  the  oxichloride  of  antimony 
is  soluble. 

333.  A  piece  of  clean  zinc  or  coppei'  causes  a  precipita- 
tion of  antimony  in  the  metallic  state  (324). 

334.  (C)  When  oxide  of  antimony  is  present  in  a  mix- 
ture of  zinc  and  dilute  sulphuric  acid,  the  antimony  is  re- 
duced and  combines  with  the  hydrogen,  as  already  described 
in  the  case  of  arsenic  (312),  forming  antimoniuretted  hy- 
drogen (SbHg),  which  is  decomposed  when  burnt,  or  when 
passed  through  a  heated  tube,  with  the  formation  of  a  de- 
posit of  metallic  antimony.  This  experiment  has  already 
been  described  (318). 

For  the  methods  of  distiaguishing  between  antimony 
and  arsenic,  see  (317)  to  (323). 

SECTION  III. 

Protoxide  of  Mercury  (HgO.) 


For  the  first  five  experiments,  calomel  (HgCl)  may  be 
used ;  for  the  rest,  a  solution  of  the  protordtrate 
(HgO,NO.^  may  be  taken. 


335.  (C)  Heat  a  small  fragment  of  calomel  (not  larger 
than  a  small  pin's  head)  ia  a  clean  tube.  It  becomes  pale 
yeUow,  and,  being  volatile,  it  sublimes  and  condenses  in  the 
upper  part  of  the  tube;  on  cooling,  the  colour  disappears. 

336.  (C)  Dry  asmaU  piece  of  carbonate  of  soda  (NaO, 
CO2)  either  ia  a  tube  or  on  a  piece  of  charcoal ;  mis  with 
it  a  little  calomel,  and  put  the  mixture  into  a  tube,  a,  (fio-. 
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^     73) ;  then  cover  it  with  a  layer  of  carbonate  of 
'      soda  m  powder,  about  a  quarter  of  an  inch 
deep,  b,  and  apply  heat.    The  calomel  is  de- 
'IP<^     composed,   and  minute  globules  of  metallic 
mercury  condense  in  the  cool  part  of  the  tube 
at  c. 

HgCH-NaO,C02=NaCl+^y+  0  +  C  0,. 

14     ^  337.  Boil  a  little  calomel  with  distilled  water 
^     in  a  test-tube ;  pour  off  the  water  into  another 
tube,  and  test  it  with  hydrosulphate  of  ammonia 
-p.  (340) ;  no  effect  is  produced,  proving  that  the 

■^8        calomel  is  insoluble  in  water. 

338.  (C)  Potash  {KO)  or  ammonia  {NH^)  poured  on  the 
calomel,  decomposes  it,  turning  it  black,  owing  to  the 
formation  of  the  protoxide  (HgO).  Chloride  of  potassium 
(^KCV)  is  at  the  same  time  formed. 

HgCl + XO=KgO + KCl. 

339.  (C)  Boil  a  little  calomel  in  fine  powder  with  a  solu- 
tion of  protochloride  of  tin  (SnCl):  after  some  little  time 
the  mercury  is  reduced  to  the  metallic  state,  owing  to  the 
strong  afiinity  which  the  protochloride  of  tin  has  for  an 
additional  equivalent  of  chlorine,  which  converts  it  into 
the  bichloride  {SnCl.^).    HgCl+  SnCl=Hg-\- SnCl^. 

340.  (C)  When  a  solution,  either  neutral  or  acid,  con- 
taining protoxide  of  mercury,  is  treated  with  liydrosul- 
jahuric  acid  (H  S)  or  hydrosulphate  ofammonia{NII^S,HS), 
a  black  precipitate  of  protosulphide  of  mercurjr  (HgS)  is 
thrown  down,  which  is  insoluble  in  dilute  acids  and  also 
in  excess  of  the  hydrosulphate:  it  is  soluble,  however,  in 
aquaregia.  ng6,N0,+li^=^g^+E0,N0,. 

If  the  precipitate,  after  being  dried,  be  heated  alone  in 
a  tube,  it  is  decomposed  into  metallic  mercury  and  the 
persulphide  (HgS,).  2HgS=HgS3+5>. 

341.  Ammonia  {NH^)  gives  a  black  precipitate,  con- 
sisting of  a  basic  double  salt  of  mercmy  and  ammonia 
(]S'H3,3HgO,N05),  which  is  insoluble  in  excess. 

342.  Potash  {XO)  produces  a  black  precipitate  of  prot- 
oxide of  mercury  (HgO),  which  is  insoluble  in  excess. 

Sg  0,NO,+KO=-S.gO + KO,NO,. 

343.  (C)  Hydrochloric  acid  {SCI),  or  a  solution  of  chlo- 
ride of  sodium  {NaCl),  throws  down  a  white  precipitate 
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of  protochloride  (calomel,  HgCl),  whicli  is  insoluble  in 

CXC6SS* 

SgO,NO^+NaCl=RgC\+NaO,NO^. 

344.  (C)  Place  a  strip  of  clean  copper  in  the  mercurial 
solution,  and  observe  the  deposition  of  metallic  mercury 
(324).  Egq,NO^+Cu=Hg+OuO,NO,. 

If  the  stain  be  rubbed,  it  will  become  bright  and  silvery. 
Dry  the  stained  copper,  place  it  in  a  dry  tube,  and  apply 
heat :  the  mercury  sublimes,  and  condenses  in  minute 
globules  in  the  upper  part  of  the  tube. 


SECTION  IT. 

Peroxide  of  Mercury  (HgOg). 


The  perchloride  of  mercury  or  corrosive  sublimate  (HgCl2), 
either  sohd  or  in  solution,  may  be  used. 

345.  (C)  Heat  a  small  fragment  of  the  perchloride  in  a 
tube ;  it  fuses,  boils,  and  sublimes  into  the  upper  part  of 
the  tube.  If  the  experiment  be  made  on  charcoal,  the 
whole  is  volatiUzed. 

346.  (C)  Eepeat  the  experiment  described  in  (336) 
using  the  perchloride  instead  of  calomel;  metaUic  mercury 
sublimes  in  both  cases. 

347.  Boil  a  little  with  water,  in  which  it  readUy  dis- 
solves, thus  differing  from  the  protochloride. 

348.  (C)  Test  a  solution  of  the  perchloride  with  a  small 
quantity  of  hyclrosulpJmric  acid  (H  S ) .  A  white  precipitate 
IS  first  formed,  which  on  the  addition  of  more  of  the  preci- 
pitant, gradually  becomes  darker,  and  iiltimately  black, 
ihis  change  of  colour  is  owing  to  the  formation  first  of  a 

%  ^inpound  of  sulphide  and  chloride  of  mercury 
('illg02,HgC]2)  which  is  white ;  and  when  the  hydrosul- 
phuric  acid  is  added  in  excess,  the  whole  of  the  mercuiT 
IS  converted  into  the  black  persulphide  (HgS^).  The  pre- 
cipitate IS  insoluble  in  hydrochloric  and  nitric  acids,  but  is 
reaclUy  decomposed  by  aqua  regia,  and  again  converted 
into  the  perchloride. 
If  the  persulphide  be  dried  and  cautiously  sublimed  ia 
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a  tube,  it  is  deposited,  without  decomposition,  in  the  form 
01  dark  red  crystals  of  cinnabar. 

349.  _  (C)  Sydrosulphate  of  ammonia  {NH.SMS)  be- 
haves in  the  same  way  as  hydrosulphuric  acid. 

350.  Ammonia  (NH^)  throws  down  a  white  precipitate 
which  consists  of  a  double  compound  of  perchloride  and 
amidide  of  mercury  (HgCl2,Hg2]NrH2).* 

351.  (C)  Potash  (XO)  gives  a  yellow  precipitate  of 
hydrated  peroxide  of  mercury  (HgO,,3HO)  which  is  in- 
soluble m  excess.  If  ammoniacal  salts  are  present  the 
precipitate  formed  by  potash  is  white,  and  consists  of 
the  same  compound  as  that  thrown  down  bv  ammonia 
(350). 

352.  (C)  When  protocMoride  of  tin  {S71CI)  is  added  in 
small  quantity,  the  perchloride  is  reduced  to  the  state  of 
protochlonde  (HgCl),  which  separates  as  a  white  precipi- 
tate. If  the  salt  of  tin  be  added  in  excess,  and  the  mixture 
boiled,  the  mercury  is  reduced  to  the  metaUic  state  (339). 

Sff  CI, +2SnCl=Rff+2Sn  CI . 

353.  (C)  Iodide  of  potassium  {KI)  causes  a  most  beau- 
tiful red  precipitate  of  periodide  of  mercury  (Hgl,),  which 
surpasses  even  vermilion  in  brilHancy  of  colour.  It  is 
readily  soluble  in  an  excess  of  either  of  the  solutions. 

Ii:gCl,+2KI='Rgl,+2KOl. 

354.  (C)  A  strip  of  clean  metallic  copper  precipitates 
mercury  in  the  metallic  state  (344). 

355.  Heat  a  small  fragment  of  the  red  peroxide  of  mer- 
cury (HgOo)  gently  in  a  small  tube,  and  observe  that  it 
becomes  much  darker  in  colour  when  hot,  and  reassumes 
its  former  tint  on  cooling.  If  the  heat  be  increased  to  a 
little  below  redness,  the  oxide  is  decomposed  into  metaUic 
mercury  and  oxygen,  when  the  metal  condenses  in  minute 
globules  in  the  cool  part  of  the  tube,  and  the  oxj'gen  may 
be  detected  by  introducing  a  glowing  match  (109). 

*  The  aniidides,  or  amides,  are  compounds  of  a  metal  with  amidogen, 
which  is  a  hypothetical  salt  radical,  supposed  to  consist  of  NHo;  it  has,  how- 
ever, never  been  obtained  in  an  insulated  form.  See  Foivnes'  Manual  of 
Chemistry,  p.  265. 
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SECTION  V, 

Oxide  of  Lead  (PbO). 


A  solution  of  the  acetate  {PhO,C^II^O^-\-'iAq)  or  the 
nitrate  {PbO, NO-)  may  be  used. 


356.  (C)  When  a  fragment  of  any  of  the  salts  of  lead 
(except  the  phosphate  (412) )  is  heated  on  charcoal  in  the 
inner  flame  of  the  blowpipe,  a  globule  of  metallic  lead  is 
formed,  which  is  usiially  surrounded  by  a  little  deposit  of 
the  yellow  oxide  (PbO).  The  metallic  globule  will  be  found 
to  be  soft  and  malleable.  In  the  oxidizing  flame,  oxide  of 
lead  forms  with  borax  and  microcosmic  salt,  yellowish 
beads,  which  become  nearly  colourless  on  cooling. 

357.  ITi/drosulp/mric  acid  {HS)t'hvows  down  in  solutions 
containing  lead,  either  neutral  or  slightly  acidified,  a  dense 
black  precipitate  of  sulphide  of  lead  (PbS).* 

FbO,NO,+ES=VhS+JIO,NO,. 
If  the  sulphide  be  boiled  with  strong  nitric  acid,  it  is 
gradually  converted  into  the  insoluble  sulphate  (PbCSOg), 
both  metal  and  sulphur  becoming  oxidized  at  the  expense 
of  the  nitric  acid. 

358.  Sydrosulphate  of  ammonia  {NE^S,RS)  produces 
the  same  effect. 

359.  Ammonia  {NS.^  and  Potash  {KO)  throw  down 
white  precipitates,  consistmg  of  oxide  of  lead  in  combi- 
nation with  a  small  quantity  of  acid  (basic  salts). 

Ammonia  produces  scarcely  any  precipitate  in  a  solution 
of  acetate  of  lead,  owing  to  the  formation  of  the  sub- 
acetate  i3PbO,C^I£^0.^),  which  is  soluble. 

_  360.  Carbonate  of  potash  (K0,C0„)  gives  a  white  preci- 
pitate of  carbonate  of  lead  (PbO,CO;),  which  is  insoluble 
in  excess. 

361.  (C)  Sulphuric  acid  {R0,80^),  or  a  solution  of  sid- 
phate  of  soda  {NaO,SO,),  produces  a  white  precipitate  of 
sulphate  of  lead  (PbO,S03),  which  is  insoluble  or  nearly  so 
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Ph  0,N0, + Na  0,SO.,=VhO,  SOg+iVa  0,N0.^. 
If  tlie  precipitate  be  moistened  witli  a  solution  of  hydro- 
sulpliate  of  ammonia,  it  is  instantly  blackened,  owing  to 
tlie  formation  of  sulphide  of  lead  (PbS)  :  it  is  distinguished 
in  this  way  from  the  insoluble  sulphates  of  baryta  and 
strontia. 

362.  (C)  Hydrocliloric  acid  (HCl),  or  a  solution  of 
chloride  of  sodium  {NaCl),  throws  down  a  white  and  often 
crystalline  precipitate  of  chloride  of  lead  (PbCl).  If  the 
solution  with  the  precipitate  be  boiled,  a  portion  of  the 
chloride  dissolves,  and  is  deposited  agaLa  on  cooling,  in  the 
form  of  needle-shaped  crystals.  If  the  solution  of  lead  is 
dilute,  the  chloride  does  not  precipitate,  as  it  is  somewhat 
soluble  in  water. 

Ph  0,N0, + B:Cl=VhCl+SO,NO,. 

The  chloride  of  lead  is  unaffected  by  an  excess  of  ammonia. 

363.  (C)  Chromate  of  potash  {KO,  CrO^)  gives  a  fine  yel- 
low precipitate  of  chromate  of  lead  (PbOjCrOg),  which  is 
insoluble  in  dilute  acids,  but  soluble  in  potash.  This  sub- 
stance is  the  base  of  the  pigment  known  in  commerce  as 
chrome  yellow. 

364.  (C)  Iodide  of  potassium  {KI)  also  gives  a  beau- 
tiful yellow  precipitate  of  iodide  of  lead  (Pbl),  which  ia 
rather  lighter  in  tint  than  the  chromate.  If  the  iodide 
thus  formed  be  boiled  with  water,  it  dissolves,  and  again 
separates  on  coohng,  in  the  form  of  brilliant  crystalline 
scales,  which  are  extremely  beautiful. 

365.  If  a  solution  of  nitrate  of  lead  be  precipitated  with 
hydrochloric  acid,  and  the  filtered  solution  treated  with 
hydrosulphuric  acid  gas  (HS),  instead  of  the  black  sul- 
phide usually  fonned  by  that  reagent  in  solutions  of  lead 
(357),  there  is  produced  a  red  precipitate,  which  is  a  chloro- 
sulphide  (3PbS,2PbCl).  If  the  gas  be  passed  through  the 
solution  for  a  length  of  time,  however,  the  red  compound 
gradually  disappears,  and  the  black  sulphide  (PbS)  is 

formed.  ,  .     i  « 

366.  (C)  All  the  precipitates  formed  m  the  foregomg 
experiments,  when  dried,  and  heated  on  charcoal  in  the 
(inner  flame  of  the  blowpipe,  are  decomposed,  and  give 
beads  of  metallic  lead  (356). 
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SECTION  VI. 

Oxide  of  Copper  (CuO). 


A  solution  of  sulphate  of  copper  {CuO,80^+^Aq)  may 

be  used. 


367.  (C)  Heated  on  charcoal  in  the  deoxidizing  flame  of 
the  blowpipe,  especially  if  mixed  with  carbonate  of  soda, 
the  salts  of  copper  are  reduced,  and  a  malleable  bead  of  the 
metal  is  obtained ;  the  pecuHar  colour  of  which  may  be  seen 
on  scraping  off  the  thin  coatmg  of  oxide  (CuO),  with  which 
it  is  surrounded.  In  the  oxidizmg  flame  with  borax  or 
microcosmic  salt,  oxide  of  copper  foi-ms  beads  which  are 
green  while  hot,  becomiug  blue  on  cooling. 

368.  Hydrosulpliuric  acid  (HS)  and  hydrosulphate  of 
ammonia  {NJB:^S,E:S)  throw  down  a  black  precipitate  of 
sulphide  of  copper  (CuS)  from  solutions  of  copper  salts, 
whether  neutral,  acid,  or  alkaline. 

a«0,         H  S  =:CuS +^0,  S-Og. 

869.  (C)  Ammonia  {NH^),  when  added  in  small  quan- 
tity, thi'ows  down  a  pale  blue  precipitate,  consistmg  of  a 
basic  salt  of  copper,  which  immediately  redissolves  when 
the  ammonia  is  added  m  excess ;  the  solution  thus  formed 
has  a  beautiail  deep  blue  colour,  owing  to  the  formation  of 
the  ammonio-sulphate  of  copper  (2NH3,HO,CuO,S03). 

370.  (C)  Potash  {KO)  produces  in  cold  solutions  of  cop- 
per a  pale  blue  precipitate  of  hydrated  oxide  (CuO,HO) 
If  the  mixture  be  boHed,  or  if  the  potash  be  added  to  a 
hot  solution,  the  precipitate  becomes  black,  owing  to  the 
decomposition  of  the  hydrated  oxide  at  a  temperatm-e  of 
^14  ,  and  formation  of  the  anhydi'ous  black  oxide  (CuO) 
liie  potash  must  for  this  purpose  be  added  sHghtly  m  ex- 
cess, as  otherwise  the  precipitate  would  consist  of  basic 
salt  which  would  not  become  black  when  boHed. 

.•^71.  (0)  Ferrocyanide  of  Potassium  {IC,Feau+^Aa) 
gives,  even  m  very  dilute  solutions,  a  mahogany-coloured 

372.  (C)  A  piece  of  clean  iron,  when  placed  hi  a  solution 
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containing  copper,  causes  a  precipitation  of  metallic  copper 
on  its  surface  (324). 

CuO,80s+'Fe=Cu+FeO,SOs. 

TTiis  is  an  extremely  delicate  test,  and  by  this  means  the 
whole  of  tlie  copper  may  be  removed  from  a  liquid,  espe- 
cially if  a  slight  excess  of  acid  is  present. 


SECTION  VII. 

Oxide  of  Silver  (AgO). 


A  solution  of  nitrate  of  silver  {AgO,NO^  may  be  used. 


373.  (C)  Most  of  the  salts  of  silver  when  exposed  to 
light,  especially  when  ia  contact  with  organic  matter, 
gradually  become  more  or  less  purple,  and  eventually 
nearly  black,  owing  to  partial  decomposition. 

374.  (C)  When  heated  on  charcoal  before  the  blowpipe, 
all  the  salts  of  silver  are  easily  reduced,  and  a  brilliant 
white  bead  of  metallic  sdver  is  formed.  In  the  oxidizing 
flame,  oxide  of  silver  gives  with  borax  an  opaque  white 
bead ;  with  microcosmic  salt,  the  bead  is  yellowish  by  day- 
light, and  red  by  candlelight. 

375.  Hydrosulphuric  acid  (HS)  and  liydrosulpliate  of 
ammonia  (NH^S,II8)  throw  down  a  black  precipitate  of 
sulphide  of  silver  (AgS),  which  is  insoluble  in  dilute  acids, 
but  soluble  in  boiling  nitric  acid. 

376.  (C)  Ammonia  {NH^  gives  a  brown  precipitate  of 
oxide  of  silver  (AgO),  which  is  readily  soluble  in  excess  of 
ammonia.  .  . 

Potash  {KO)  also  produces  the  same  precipitate,  which 
is  insoluble  in  excess. 

377.  (C)  Hyd/rocMoric  acid  {SCI)  or  a  solution  of  chlo- 
ride of  sodium  {NaCl)  produces  in  solutions  of  silver  a 
white  ciu'dy  precipitate  of  chloride  of  silver  (AgCl),  which 
is  insoluble  in  water  and  in  nitric  acid,  but  readily  soluble 
in  ammonia,  and  veiy  sparingly  so  in  an  excess  either  of 
hydrochloric  acid  or  chloride  of  sodium. 

AgO,NO,^NaCl=KgC\-\-NaO>NO,. 
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If  the  ammoniacal  solution  be  neutralized  with  nitric 
acid,  the  chloride  is  reprecipitated. 

378.  (C)  Flios^kate  of  Soda  (2NaO,HO,PO,+24>Aq) 
throws  down  a  pale  yellow  precipitate  of  tribasic  phosphate 
of  silver  (SAgOjPOj),  which  is  soluble  both  in  nitric  acid 
and  in  ammonia. 

SECTION  VIII. 

Protoxide  of  Tin  (SnO). 


A  solution  of  protochloride  of  tin  (SnCl)  may  be  used. 

379.  (C)  Salts  of  tin,  mixed  with  carbonate  of  soda 
(NaOjCOj),  and  heated  in  the  inner  flame  of  the  blowpipe, 
are  reduced  to  the  metaUic  state,  and  malleable  globides  of 
metaUic  tin  are  formed. 

In  the  oxidizing  flame,  with  borax  or  microcosmic  salt, 
oxide  of  tia  forms  clear,  colourless  beads,  unless  a  large 
q^uantity  of  the  oxide  is  present,  when  the  bead  is  some- 
tunes  opaque. 

380.  (C)  When  the  neutral  protosalts  of  tin  (as  the  pro- 
tochloride) are  treated  with  a  large  quantity  of  water,  they 
are  decomposed  into  an  acid  salt  {S7iCl,HCl)  which  is 
soluble,  and  a  basic  salt  (SnCl,SnO,2HO),  which  is  in- 
soluble :  the  precipitation  of  the  latter  causes  the  Hquid  to 
become  milky. 

3SnCl+SHO=8nCl,Ii:Cl+SnC\,SnO,2B.O. 

381.  (C)  Sydrosulplmric  acid  (HS)  gives  in  solutions  of 
the  protosalts  of  tin,  either  neutral  or  with  excess  of  acid,  a 
dark  brown  precipitate  of  protosidphide  of  tin  (SnS),  which 
is  soluble  in  potash  and  in  hydrosulphate  of  ammonia, 
especially  if  it  contains  an  excess  of  sulphur  (710). 

382.  (C)  Syd/rosulphate  of  ammonia  {NII^S,JIS)  also 
throws  down  the  brown  protosulphide,  which  is  soluble  in 
excess,  provided  a  Httle  free  sulphur  is  present  in  it,  which 
is  always  the  case  when  the  hydrosulphate  has  a  yeUow 
colour  (710).  If  the  solution  thus  formed  be  neutralized 
with  hydrochloric  acid,  a  yellow  precipitate  of  the  per- 
sulphide  (SnSj)  is  produced,  which  was  formed  by  the 
action  of  the  excess  of  sulphur  in  the  hydi'osulphate  upon 
the  protosulphide.  SnS+S=SnS2. 

i2 
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383.  Ammonia  (-ZVS3)  gives  a  bulky  wHte  precipitate  of 
liydrated  oxide  of  tin  (SnO,HO),  wkich  is  kisoluble  in 
excess. 

8nCl+NE:s+^SO=SnO,'RO+]S'H,Cl. 

384.  Potash  {KO)  also  produces  a  white  precipitate  of 
bydrated  oxide  (SnO.HO),  which,  redissolves  in.  an  excess 
of  the  alkaline  solution. 

If  a  concentrated  solution  of  the  oxide  in  potash  be 
boiled,  the  protoxide  is  converted  into  a  mixtm-e  of  per- 
oxide {SnO^  and  metallic  tin ;  the  first  remaitis  in  solution, 
and  the  latter  precipitates. 

2SnO=SnO^-{-^n. 

385.  Carbonate  of  potash  {KO,CO^  also  throws  down 
the  hydrated  oxide,  which  is  iasoluble  in  excess. 

386.  (C)  Terchloride  of  gold  {AuCl^  causes  ia  solutions 
of  the  protosalts  of  tin,  a  dark  purple  precipitate,  which  has 
long  been  known  as  purple  of  Ca^sius ;  its  composition 
appears  to  be  (2  (SnO,Sn02)+Aii02,Sn02+6HO.)  For 
the  success  of  this  experiment,  it  is  necessary  that  both 
solutions  be  exceedingly  dilute. 


SECTION  IS. 


Peroxide  of  Tin  (SnO^). 


A  solution  of  theperchloride  {8nCl^  may  be  used. 

387.  (C)  Salts  of  the  peroxide  of  tm  behave  in  the  same 
manner  before  the  blowpipe  as  those  of  the  protoxide 
(379). 

388  (C)  Syd/rosulphv/ric  add  (HS)  gives  a  yellow  pre- 
cipitate of  persulphide  of  tin  (SnS„),  which  is  soluble  m 
solution  of  potash.  . 

389  (C)  Rydrosulphate  ofammoiita  {l\J±^b,Jio)  also 
throws  down  the  yellow  persulphide,  which  is  readily 
soluble  in  excess. 

390.  Ammonia  {NH^)  and  potash  {KO)  throw  down 
a  bulky  white  precipitate  of  hydi-ated  peroxide  ot  tin. 
(SnOo'HO),  which  is  soluble  in  an  excess  of  the  precipi- 
tant, especially  when  potash  is  used,  forming  a  compouiicl 
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called  stannate  of  potash  (XO,Sn.O„),  in  whicli  tlie  peroxide 
of  tin  appears  to  play  tlie  part  of  an  acid. 

The  hydi'ated  peroxide,  when  thus  formed  by  precipita- 
tion with  potash,  is  readily  soluble  both  in  potash  and 
nitric  acid,  in  which  respect  it  differs  from  that  formed 
by  the  action  of  nitric  acid  on  metaJhc  tin,  though  both 
yield  the  same  results  when  analysed  (392). 

391.  (C)  Pour  a  few  drops  of  nitric  acid  upon  a  small 
fragment  of  metalhc  tin  in  a  test-tube,  and  observe  the 
intense  action  which  immediately  takes  place.  The  nitric 
acid  (-ZVO5)  is  decomposed  by  the  affinity  of  the  tin  for  a 
portion  of  its  oxygen ;  the  white  hydrated  peroxide  of  tin 
(Sn02,H0)  is  formed;  and  nitric  oxide  (NO2)  and  some 
of  the  other  oxides  of  nitrogen  are  given  off.  A  Uttle 
ammonia  (iViZg),  also,  is  at  the  same  time  formed,  owing  to 
the  decomposition  of  water  by  the  tin ;  the  hydrogen  com- 
bining with  some  of  the  nitrogen  derived  from  the  nitric 
acid. 

7Sn+ SiYOs + 3  J0=7SnO2+ 2N  0, + NK,. 

392.  Heat  the  hydrated  oxide  formed  in  the  last  experi- 
ment, first  with  nitric  acid  and  afterwards  in  a  solution  of 
potash,  and  observe  that  it  is  quite  insoluble  in  both,  thus 
differing  from  that  formed  by  potash  (390). 

393.  (C)  if  a  piece  of  clean 
zinc  be  placed  in  a  sohxtion 
of  perchloride  of  tin,  the  tin  is 
separated  in  the  metallic  state, 
in  the  form  of  beautiful  feathery 
crystals ;  some  of  which  are  so 
niinu.te,  as  to  look  like  an  amor- 
phous spongy  mass,  but  when 
examined  with  the  microscope, 
appear  as  multitudes  of  briUiant 
and  beautiftdly  formed  crystal-  Fi^-  74.  Crystals  ol 
hne  tufts  (fig.  74).  MetaUicTin. 

SnCl^-\-2Zn=Sn+22MCl 
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SECTION  X. 


Oxide  of  Bismuth  (BijOg). 


A  solution  of  tlie  cMoride  {Bi^CQ  may  be  used. 


394.  (C)  Mix  a  concentrated  solution  of  the  cMoride 
witb  a  considerable  quantity  of  water,  wbicli  causes  a  wldte 
precipitate  of  oxy chloride  of  bismuth  (Bi2Cl3,2Bi203). 

A  similar  decomposition  takes  place  when  solutions  of 
many  of  the  soluble  salts  of  bismuth  are  diluted  with 
much  water.  The  precipitates  thus  formed  are  usually 
distinguishable  from  those  produced  under  the  same  cir- 
cumstances in  solutions  of  antimony,  by  being  insoluble 
in  tartaric  acid  (332).  They  dissolve  easily,  however,  in 
acetic  acid. 

395.  (C)  When  the  salts  of  bismuth  arc  mixed  with 


break  vsdth  a  crystalhne  fracture  when  struck  with  a  harn- 
mer.  In  the  oxidising  flame,  with  borax  or  microcosmic 
salt,  oxide  of  bismuth  forms  a  yellowish  bead,  which  be- 
comes nearly  colourless  on  cooling. 

396.  Hydrosulphuric  «czc?  (HS),  and  hydromlphate  of 
ammonia  {NE:^8,E:S),  throw  down  from  solutions  of  bis- 
muth, which  do  not  contain  a  large  excess  of  free  acid,  _a 
black  precipitate  of  sulphide  of  bismuth  (BigSg),  which  is 
insoluble  in  dilute  acids  and  potash,  but  soluble  in  hot 
nitric  acid.  . 

397.  Ammonia  {NS^)  and  potash  (KO)  give  a  white 
precipitate  of  hydrated  oxide  (Bi203,3HO),  which  is  mso- 
luble  in  an  excess  of  the  precipitant. 

398.  Carbonate  of  potash  {KO,CO^  gives  a  bulky  white 
precipitate  of  subcarbonate  of  bismuth  (Bi203,C02),  which 
is  insoluble  in  excess.  .        j_  i  •,  ^ 

399.  (C)  When  oxide  of  bismuth  is  heated,  it  turns 
yellow,  and  becomes  colourless  again  on  cooling. 
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ACTION  OF  EEAGENTS  WITH  THE  INOEGANIC  ACIDS. 

400.  Tlie  inorganic  acids,  whicli  are  enumerated  in 
paragrapli  (179),  maybe  conveniently  divided  into  tliree 
classes,  according  to  their  behaviour  -with,  chloride  of  ba- 
rium and  nitrate  of  silver,  thus  : — 

Class  I. — Acids  which  are  precipitated  by  a  solution  of 
chloride  of  barium. 

Sulphimc  {SO,SO^) 
Phosphoric  (POg). 
Boracic  (BO3). 

Class  II. — Acids  which  are  unaffected  by  chloride  of 
barium,  but  which  are  precipitated  by  a  solution  of  nitrate 
of  silver. 

Hydrochloric  (SCI),  Hydriodic  (SI),  and 
Hydrosulphuric  (HS). 

Class  III — Those  which  are  not  precipitated  either  by 
chloride  of  barium  or  nitrate  of  silver. 

Nitric  {NO,)  and  Chloric  (CIO,) 


SECTION  I. 

SulphiMic  Add  (110,80^). 

401.  Mix  a  few  drops  of  strong  sulphuric  acid  or  oil  of 
vitriol,  with  about  an  equal  quantity  of  water  in  a  test- 
tube,  and  observe  the  heat  evolved. 

402.  (C)  Place  a  smaU.  bit  of  wood  or  paper  in  a  test- 
tube,  and  pour  upon  it  a  few  drops  of  oil  of  vitriol :  the 
organic  matter  is  decomposed,  and  a  black  carbonaceous 
matter  is  formed. 

403.  (C)  Add  a  few  drops  of  a  solution  of  chloride  of 
barium  {BaCl)  or  nitrate  of  Baryta  {BaO,NO,)  to  one  of 
sulphate  of  soda  (iVaO.^Oa)  =  a  heavy  white  precipitate  of 


Carbomc  (COg). 

SihciC  (SiOg). 
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sulphate  of  baryta  (BaO.SOg)  is  tlirown  down,  which  is 
insoluble  in  hydrochloric  acid. 

Ba  Cl+ Na  O,  SO^='Ba.O,SO^+]Va  CI. 
404  (C)  Acetate  of  lead  {PbO,C,E:.,0^+dAq)  tlirows 
dowii  in  solutions  containing  sidphuric  acid,  a  dense  white 
precipitate  of  sulphate  of  lead  (PbCSOg),  which  is  in- 
soluble in  dilute  acids,  but  sparingly  soluble  in  strong  sul- 
phuric and  hydrochloric  acids  (691).  It  is  soluble  also 
in  potash  and  acetate  of  ammonia  {NH^OjC^H^O^. 

Ph  O,  C^B:30s+NaO,80^=T'hO,SO^+Na  0,  C^R^O^. 

405.  (C)  Mix  a  Httle  dry  sulphate  of  soda  (]SraO,S03)  or 
some  other  sulphate,  with  black  flux,  and  heat  it  on  pla- 
tinum wire  in  the  reducing  flame  of  the  blowpipe :  the 
oxygen  both  of  the  soda  and  acid  is  removed,  and  sulphide 
of  sodium  (NaS)  remains. 

JN'aO,S03+2C=NaS-|-2C02. 

406.  (C)  Place  the  bead  formed  in  the  last  experiment 
in  a  test-tube,  and  moisten  it  with  a  httle  dilute  sulphuric 
acid:  hydrosulphuric  acid  (HS)  is  given  off,  which  may 
be  recognised  by  its  odoui- ;  or  by  putting  into  the  tube  a 
strip  of  paper  moistened  with  a  solution  of  acetate  of  lead, 
which  wiU  be  blackened,  owing  to  the  formation  of  sulphide 
of  lead  (PbS)  (438). 

NaS  +  j3"0, /S03=iVa  0,  ;S03+ H  S . 


SECTION  II. 

Phosphoric  Acid  (tribasic)  {3II0,P0^). 


A  solution  of  common  tribasic  phosphate  of  soda  (2NaO, 
JB:0,PO^+24Aq)  may  be  used.* 


407.  Chloride  of  barium  {Bad)  throws  down  a  white 
precipitate  of  phosphate  of  baryta  (2BaO,HO,P05),  which 
is  soluble  in  hydrochloric  acid. 

2BaCl+maO,SO,PO,=maCWB&0,-RO,VO,. 

408.  Chloride  of  calcium  (CaCl)  gives  a  white  precipi- 

•  The  monobasic  (HO.POj)  and  bibasic  phosphoric  acids  (ZHO.POs), 
being  rarely  met  with  in  analysis,  are  omitted. 
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tate  of  pliospliate  of  lime  (8CaO,3P05),  which  readily  dis- 
solves in  a  slight  excess  of  hydrochloric  acid* 

409.  (C)  Stolphate  of  magnesia  {MgO,SO^+7Aq)  ca.^es 
a  white  precipitate  of  phosphate  of  magnesia  (2M;gO,HO, 
PO5),  if  the  solution  is  tolerably  strong.  If  a  little  am- 
monia or  carbonate  of  ammonia,  however,  be  present  in  the 
solution,  the  double  phosphate  of  ammonia  and  magnesia 
(2MgO,]SrH40,P06-f  12Aq),  is  formed,  which  being  much 
more  insoluble  than  the  phosphate  of  magnesia,  is  precipi- 
tated m  more  dilute  solutions,  and  is  consequently  a  more 
dehcate  test.  It  separates  as  a  granular  crystalline  pre- 
cipitate, and  is  reacUly  soluble  in  excess  of  acid.  If  the 
double  phosphate  be  heated  to  redness,  the  ammonia  and 
water  volatihze,  and  the  anhydrous  phosphate  of  magnesia 
(2MgO,P05)  is  left  behind  (206). 

410.  (C)  Nitrate  of  silver  {AgO,NO^)  throws  down  a 
pale  yeUow  precipitate  of  tribasic  phosphate  of  silver 
(SAgO.POg),  which  is  soluble  both  in  ammonia  and  nitric 
acid  (310). 

^AgO,NO,)+maO,SO,PO,=^kgO,'SO, 
-f2(iVa  0,N0,) + SO,NO,. 

411.  (C)  Heat  a  small  fragment  of  common  tribasic 
phosphate  of  soda  before  the  blowpipe ;  when  cool,  dis- 
solve it  in  water,  and  add  to  the  solution  a  few  drops  of 
nitrate  of  silver.  Instead  of  the  yellow  tribasic  phosphate 
of  silver  (SAgOjPOg)  being  thrown  down  as  before,  a  white 
granular  precipitate  of  the  bibasic  phosphate  (2AgO,POg) 
is  produced.  This  is  owing  to  the  tribasic  phosphate  of 
soda  having  been  converted  into  the  bibasic  phosphate 
(2NaO,P05)  by  the  expulsion  of  the  equivalent  of  basic 
water,  when  heated. 

412.  (C)  Acetate  of  lead  {PhO,CiM^O^^'iAq)  gives  a 
white  precipitate  of  phosphate  of  lead  (SPbOjPOj),  which  is 
soluble  in  nitric  acid.  If  this  precipitate  be  collected  on  a 
filter,  dried,  and  heated  before  the  blowpipe,  it  fuses  into  a 
semi-transparent  bead,  which  on  cooling  becomes  very  dis- 
tinctly crystalline.  This  test  is  decidedly  characteristic, 
not  only  on  account  of  the  crystalline  structure  of  the  bead, 
but  from  the  circumstance  that  the  phosphate,  unlike  the 
other  salts  of  lead,  is  not  easily  reduced  to  the  metallic 
state  when  heated  in  the  inner  flame. 

413.  ISpercJdorideofiroii  {Fe^Cl^  be  added  to  a  solu- 

*  See  note  to  (217). 
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tion  of  a  phosphate  acidified  with  a  httle  hydrochloric  acid, 
f'^nn^'^^^^^J  ^"^^"^  solution  of  acetate  of  potash 
{Ji-U,  C^M._^0^),  the  phosphoric  acid  is  thi-omi  down  in  com- 
bination with  peroxide  of  iron  (2Fe,03,3HO,3PO.).  If  this 
phosphate  of  iron  be  digested  with  hydrosulphate  of  am- 
monia, it  IS  decomposed ;  sulphide  of  iron  (FeS)  is  formed, 
and  the  phosphoric  acid  remains  in  solution  in  combination 
with  ammoma.  The  phosphate  of  iron  may  be  still  more 
completely  decomposed  by  first  dissolvmg  it  in  a  shght 
excess  of  hydrochloric  acid,  and  nearly  neuti-aliziag  with 
ammoma  before  the  addition  of  the  hydi-osulphate. 


SECTION  III. 

Boracic  Acid  (BO3). 


A  solution  of  borax  (NaO,2BO^+10Aq)  may  be  used. 


414.  (C)  A  solution  of  borax  turns  turmeric  paper 
brown,  thus  resembliag  an  alkah  or  alkahne  carbonate. 

Boracic  acid  in  solution  produces  the  same  effect,  though 
in  a  less  degree. 

415.  Chloride  of  barium  {Bad)  throws  down  a  white 
precipitate  of  borate  of  baryta  (BaO,2B03),  which  is  readily 
soluble  in  hydrochloric  acid. 

BaCl+NaO,2BO^=BaO,2'BO^+NaCl. 

416.  Nitrate  of  silver  {AgO,NO^)  gives  a  white  precipi- 
tate of  borate  of  silver  (AgO,B03),  which  is  soluble  both  in 
ammonia  and  nitric  acid. 

417.  (C)  If  strong  sulphuric  acid  {BlO,SO^  be  added  to 
a  concentrated  solution  of  a  borate,  the  boracic  acid  which 
is  displaced,  separates  in  combination  with  water  in  the 
form  of  crystalline  scales. 

]VaO,2BO^+B:0,SOs=mO,SOs+2BOs+B:0. 

418.  (C)  If  borax  or  any  other  borate  be  moistened  with 
a  little  sulphuric  acid,  and  the  mixture  treated  with  al- 
cohol, the  boracic  acid  is  dissolved,  and  conimunicates  a 
green  colour  to  the  flame  when  it  is  burnt.  Tlus  is  pro- 
bably OMong  to  a  little  of  the  boron  (B)  being  deoxidized 
by  the  burning  spirit,  and  recombining  with  oxygen  as  it 
comes  in  contact  with  the  air  at  the  edge  of  the  flame. 
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SECTION  IV. 

Carbonic  Acid  (COj). 


The  physical  and  some  of  the  chemical  properties  of  car- 
bonic acid  have  been  already  noticed  (18,  &c.). 


419.  (C)  The  carbonates  when  treated  with  a  free  acid, 
as  hydrochloric,  are  decomposed,  and  the  carbonic  acid, 
being  gaseous  when  uncombined,  escapes  with  efferves- 
cence. 

CaO,GO,+SCl=CaCl+SO+GO^. 

It  may  be  distinguished  from  other  gaseous  acids  by 
being  inodorous.  "When  a  substance  such  as  marble  is 
tested  in  this  way  for  carbonic  acid,  it  is  generally  ad- 
visable to  ch-ench  it  with  water ;  if  this  is  not  done,  small 
bubbles  of  common  air,  which  at  first  adhere  to  the  soHd 
substance,  gradually  escape,  and  may  lead  an  inexperienced 
person  to  suppose  that  effervescence  is  taking  place. 

420.  (C)  When  carbonic  acid  is  passed 
into  lime  toater  (CaO),  it  causes  a  white 
precipitate  of  carbonateof  lime  (CaO.COj), 
most  of  which  redissolves  if  the  gas  is 
passed  throiigh  for  a  length  of  time, 
owing  to  the  formation  of  the  bicarbonate 
of  lime  {CaO,2C02),  which  is  soluble  in 
water. 

This  experiment  is  best  made  in  a 
test-tube  a  (fig.  75),  to  which  is  con- 
nected, by  means  of  a  perforated  cork,  a 
bent  tube,  c.    A  small  lump  of  marble  is 

C'l  into  a,  and  the  tube  b  half  filled  with 
e-water:  dilute  hydrochloric  acid  is 
then  poured  upon  the  marble,  and  the  bent  tube  attached, 
which  conducts  the  Hberated  carbonic  acid  into  the  lime- 
water,  which  it  immediately  renders  turbid. 

421.  Chloride  of  barium  (SaCl)  and  chloride  of  calcimn 
{CaCl)  throw  down  a  white  precipitate  of  carbonate  of 
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baryta  (BaO.CO^)  or  of  lime  (CaO,CO„),  wliieli  readily  dis- 
J^^         'Effervescence  in  dilute  hycfrocliloric  acid. 
4^2  {L)  Suhacetate  of  lead  XmO,C,H.,0;)  is  an  ex- 
tremely delicate  test  for  carbonic  acid,  with  which  it  forms 
a  white  precipitate  of  carbonate  of  lead  (PbO,CO,). 

423.  Most  of  the  carbonates,  except  those  of  the'  alkalies 
are  decomposed  when  strongly  heated ;  in  which  case  the 
oxide  or  the  reduced  metal  is  left  (122). 


SECTION  T. 

Silicic  Acid  (SiOg). 

There  are  two  modifications  of  silicic  acid,  one  of  wliich 
is  soluble,  and  the  other  insoluble. 


424.  (C)  Add  a  little  strong  hydrochloric  acid  {SCI)  to 
a  concentrated  solution  of  silicate  of  potash  {K0,8i0^).  and 
warm  the  mixture  :  a  bulky  precipitate  separates,  which  is 
soluble  in  potash,  while  a  portion  remains  dissolved  in  the 
acid  solution ;  this  is  the  soluble  modification  (probably  a 
definite  hydrate)  of  sdicic  acid. 

KO,SiO^+B:Cl=KCl-^E:0+^iO^. 

425.  (C)  Evaporate  to  dryness  the  solution  with  the 
precipitate,  _  formed  in  the  last  experiment,  and  observe, 
that  on  again  treating  the  residue  with  hydrochloric  acid, 
the  silicic  acid  remains  imdissolved;  in  this  state  it  is 
almost  insoluble  also  in  cold  alkaline  solutions.  Thus  we 
find,  that  when  the  soluble  modification  of  sdicic  acid  is 
evaporated  to  dryness,  it  is  converted  into  the  insoluble 
modification. 

426.  (C)  Mix  a  little  dry  silicic  acid,  or  an  insoluble 
silicate,  in  fine  powder  with  dry  carbonate  of  soda  (NaO, 
CO2),  and  fuse  it,  for  about  ten  minutes,  on  a  platinum 
wire  before  the  blowpipe ;  treat  the  bead  with  dilute 
hydrochloric  acid,  and  observe  that  the  insoluble  sihcic 
acid  has  been  changed,  by  the  fusion  with  the  alkali,  into 
the  soluble  modification.  If  the  solution  thus  obtained  be 
evaporated  to  dryness,  the  silicic  acid  again  becomes  in- 
soluble. 

427.  (C)  When  pure  silicic  acid  is  fused  with  carbonate 
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of  soda  before  the  blowpipe,  a  transparent  colourless  bead 
of  silicate  of  soda  is  formed,  while  carbonic  acid  is  ex- 
pelled. 

NaO,C02+Si03=NaO,Si03+C02. 

In  this  experiment  a  small  quantity  only  of  the  soda 
should  be  used,  as  it  forms  an  opaque  bead  when  added  in 
excess. 

SECTION  VI. 

Hyob'ochloric  Acid  {SCI). 


{Chlorine,  in  combination  with  hydrogen  or  a  metal). 

A  solution  of  chloride  of  sodium  (NaCl),  or  the  dilute 
acid,  may  be  used. 

428.  Chloride  qfbariicm  gives  no  precipitate.  If,  how- 
ever, it  be  added  to  strong  hydrochloric  acid,  the  chloride 
of  barium  will  be  precipitated  unchanged,  as  it  is  insoluble 
in  the  strong  acid.* 

429.  (C)  Nitrate  of  silver  {AgO,NO.^  throws  down  a 
white  curdy  precipitate  of  chloride  of  silver  (AgCl),  which 
is  insoluble  in  nitric  acid,  but  readily  soluble  in  ammonia. 

AgO,NO,^NaCl=kgG\+NaO,NO-^. 

If  the  ammoniacal  solution  be  neutralized  with  nitric 
acid,  the  chloride  is  again  precipitated. 

This  precipitate,  Uke  most  of  the  salts  of  silver,  becomes 
purple  on  exposure  to  hght. 

430.  {C)  A.cetate  of  lead  {PbCC^S^O^+SAq)  gives  a 
white  precipitate  of  chloride  of  lead  (PbCl)  in  tolerably 
strong  solutions  of  chlorides ;  if  the  precipitate  be  boiled 
M^ith  a  little  water,  it  dissolves,  and  separates  again  on 
cooling,  in  the  form  of  needle-shaped  crystals. 

Pb  0,  C^H^  O3+ Na  CT=PbCl+ NaO,  C^H^  O3. 

431.  (C)  When  mixed  with  nitric  acid,  and  warmed, 
hydrochloric  acid  dissolves  qold  leaf,  forming  terchloride 

of  gold  (4« eg. 

^IICl+NO.^+A.u=AuCl^+^0.+ZHO. 

*  This  circumstance  must  be  remembered  when  testing  hydrochloric  acid 
\nth  chloride  of  barium,  with  a  view  to  ascertaining  whether  it  contains  traces 
of  sulphuric  acid;  in  which  case  it  is  necessary  to  dilute  the  acid  before 
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SECTION  VII. 

Hydriodic  Acid  {KI). 

{Iodine  in  combination  with  hydrogen  or  a  metal.) 
A  solution  of  iodide  of  potassium  (ZJ)  may  be  used. 

432.  Chloride  of  barium  gives  no  precipitate  with  hy- 
driodic  acid. 

433.  (C)  Nitrate  of  silver  {AgO,NO^)  gives  a  pale  straw- 
coloured  precipitate  of  iodide  of  silver  (Agl),  wbicb  gra- 
dually becomes  purple  when  exposed  to  the  light.  It  is 
nearly  insoluble  in  nitric  acid,  and  considerably  less  soluble 
in  ammonia  than  the  chloride  (429). 

434.  (C)  Perchloride  of  mercury  (Sg  Cl^)  gives  a  brilliant 
red  precipitate  of  periocfide  of  mercury  (Sgig),  which  dis- 
solves in  an  excess  either  of  the  perchloride  or  of  the 
iodide  of  potassium. 

B:gCl2+2KI='KgL,+2KCl. 

435.  (C)  Starch  (CjgHjoOio)  forms  with  iodine,  even  in 
highly  dilute  solutions,  a  dark  purple  precipitate  of  iodide 
of  starch.  If  the  iodine  is  in  a  state  of  combination,  as  in 
iodide  of  potassium  or  hydriodic  acid,  it  is  necessary  to 
liberate  it  before  applying  the  starch;  which  is  readily 
done  by  adding  a  drop  or  two  of  nitrohydrochloric  acid 
(698),  or  a  solution  of  chlorine  :  if  niti'ic  acid  is  employed, 
a  portion  of  its  oxygen  combines  with  the  hydrogen  or 
metal  with  which  the  iodine  was  in  combination,  forming 
water,  or  a  metallic  oxide. 

3XI+]V0,=dX0+N0.^+I. 
If  chlorine  be  used,  it  forms  with  the  hydrogen  or  metal, 
hydrochloric  acid  or  a  metallic  chloride ;  iodine  being  libe- 
rated in  either  case. 

KI+Cl=XCl+I. 
The  starch  may  be  applied  either  ini  solution  or  as  a 
paste ;  or,  what  is  often  more  convenient,  strips  of  paper 
or  cotton  may  be  impregnated  with  the  solution,  dried, 
and  kept  for  use  (750). 

436.  (C)  If  iodide  of  potassium,  or  any  other  metallic 
iodide,  in  the  solid  state,  be  heated  witli  a  Uttle  strong 
sulphuric  acid  {E:0,S0-^,  both  compounds  are  decom- 
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posed;  sulpliiirous  acid  (SO2)  and  potasli  {KO)  are 
formed,  and  tlie  iodine  is  set  free. 

KI+ 2(-ffO,  80^)=K0,S0^  +  S  O2 + 2S0+1. 

A  portion  of  tlie  latter  sublimes  in  tbe  form  of  a  beau- 
tifal  violet-coloured  vapour,  wliicb  condenses  in  tlie  upper 
part  of  the  tube,  and  is  highly  characteristic. 

If  the  quantity  of  iodine  hberated  is  so  small  that  the 
colour  of  the  vapour  is  not  perceptible,  it  may  readily  be 
detected  by  suspending  a  bit  of  paper  or  cotton  moistened 
with  a  solution  of  starch,  which  will  instantly  be  turned 
purple  (435). 

437.  Dilute  sulphuric  acid  when  added  to  the  solution 
of  an  iodide,  also  causes  its  decomposition,  especially  if 
the  mixture  be  boUed,  setting  free  a  little  iodirie,  which 
gives  a  pale  yellowish  colour  to  the  solution,  and  causes  a 
purple  precipitate  with  solution  of  starch. 
t 

SECTION  VIII. 

Hyilrosuljphv/nc  Acid  (HS).* 


{Sulpliw,  in  combination  with  hydrogen  or  a  metal.) 

438.  (C)  Most  of  the  metallic  sulphides  are  decomposed 
when  treated  with  hydrochloric  acid,  in  which  case  hydro- 
sulphuric  acid  (HS)  is  given  off,  and  may  be  recognised 
by  its  disagreeable  odour,  resembling  that  of  rotten  eggs. 

Add  a  httle  dilute  hi/droc7iloric  01;  sulphuric  acid  to  a 
smaU  fragment  of  sulphide  of  iron  (FeS)  in  a  test-tube  ; 
hydrosulphuric  acid  is  immediately  evolved ;  and  if  a  strip 
of  paper,  moistened  with  a  solution  of  acetate  of  lead,  be 
held  over  the  open  end,  it  will  be  blackened,  owing  to  the 
formation  of  the  black  sulphide  of  lead  (PbS).  The  gas 
may  also  be  passed  into  a  solution  of  the  acetate,  in  the 
manner  shown  in  (420),  when  it  will  throw  down  the 
black  sulphide  (357). 

FeS+HCl=FeCl+US. 

439.  (C)  When  heated  vrith  nitric  acid  (NO-),  the  me- 
taUic  sulphides  are  decomposed :  the  metal  is  oxidized  at 
the  expense  of  a  portion  of  the  nitric  acid;  orange  fumes 

*  Called  also  Stdphv/retted  Syd/rogm. 
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of  nitrous  acid  and  nitric  oxide  being  given  off;  while  the 
sulpliur  separates  as  a  wlutisb  powder,  wbicb  gradually 
collects  into  yeUowisli  lumps,  and  is  eventually  dissolved, 
owing  to  its  conversion  into  sulphuric  acid,  also  at  the 
expense  of  the  nitric  acid. 

CuS + 2i\^05=  Cm  0, -803+ N  O2+ N  O4. 

440.  (C)  The  soluble  sulphides,  or  hydrosulphates,  are 
also  decomposed  by  acids,  with  evolution  of  hydrosulphuric 
acid.  Add  a  little  dilute  hydrochloric  acid  to  a  drop  or 
two  of  hydrosulphate  of  ammonia  {Nir^S,SS) ;  hydrosul- 
phuric acid  is  given  off,  while  muriate  of  ammonia  (NS^Cl) 
remains  in  solution,  and  a  little  free  sulphur  is  at  the  same 
time  deposited,  which  had  before  been  dissolved  in  the 
hydrosulphate,  causing  a  white  precipitate. 

N'H,S,SS+B:Cl=NS^Cl+2}iS. 
When  hydrosulphate  of  ammonia  is  first  prepared,  it  is 
colourless,  but  a  portion  of  the  hydrosulphuric  acid  is  gra- 
dually decomposed  by  the  affinity  of  the  atmospheric 
oxygen  for  its  hydrogen,  with  which  it  combines  to  form 
water,  while  at  the  same  time  the  equivalent  of  sulphur  is 
set  free  {HS+0=JB:0+S);  the  latter  dissolves  m  the 
hydrosulphate,  giving  it  a  yeUow  colour.  It  is  this  sulphur 
which  is  precipitated  on  the  addition  of  an  excess  of  acid 
to  the  hydrosulphate  (710). 

441.  Chloride  of  harimn  gives  no  precipitate  with  hydro- 
sulphuric acid,  or  the  hydrosulphates. 

442.  Nitrate  of  silver  {AgO,NO^)  gives  a  black  precipi- 
tate of  sulphide  of  silver  (AgS),  which  is  soluble  m  hot 

nitric  acid.  •  ^^-rr^.o^\xi 

443  (C)  Acetate  of,  lead  {PhO,C^B:^0^+^Aq)  thi-ows 
down  in  solutions  of  hydrosulphui-io  acid  or  the  hyj^sui- 
phates,  a  black  precipitate  of  siilpj^de  o^ead  (ir-bbj, 
which  is  converted  into  sulphate  of  lead  (PbO,bU3)  by 
boUing  with  nitric  acid,  which  furmshes  oxygen  to  both 
elements.  ^  _ 

P5  0,  CM.  03-f  ^S'^PbS  -f  SO,  C,K^  O3. 
^.b§+40=PbO,S03. 

444  fC)  Before  the  blowpipe,  the  sulpHdes  are  readUy 
decomposed;  the  sulphur  is  di'iven  off  and  burns  with  a 
blue  flame,  formmg  sulphurous  acid  (SO,),  which  may  be 
recognised  by  its  odour,  which  is  weU  known  as  that  ot 
burning  sulphur. 
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SECTION  IX. 

Nitric  Acid  {SO,NO^). 


Nitrate  of  potash  (KOjWOg),  both  solid  and  in  solution, 
may  be  used. 


445.  Chloride  of  baritim  {BaCl)  gives  no  precipitate  in 
solutions  of  the  nitrates.  If  it  be  added,  however,  to 
strong  nitric  acid,  a  white  precipitate  will  be  produced, 
consisting  merely  of  the  undecomposed  chloride;  which, 
though  soluble  ia  water,  is  insoluble  iu  the  strong  acid.* 

446.  Nitra  te  of  silver  cax\ses  no  precipitate  ia"  solutions 
of  the  nitrates.  ^ 

447.  (C)  If  a  small  fragment  of  nitrate  of  potash  be 
placed  on  ignited  charcoal,  vivid  deflagration  takes  place, 
owing  to  the  rapid  combination  of  the  carbon  with  oxygen^ 
which  it  abstracts  from  the  nitre;  carbonic  acid  (CO,)  is 
thus  formed,  which  combines  with  the  potash  previously 
in  combination  with  the  nitric  acid. 

e:o,no5+c=e:o,co2+no3. 

448.  (C)  When  a  nitrate  is  heated  with  a  little' strong 
sidphuric  acid  {HO,  80^),  it  is  decomposed;  and  if  copper 
filings  are  added  to  the  mixture,  the  copper  becomes 
oxidized  at  the  expense  of  the  hberated  nitric  acid ;  nitric 
oxide  and  nitrous  acid  are  given,  ofi",  forming  orano-e- 
coloured  fumes,  which  are  very  characteristic.  ^ 

KO,NO,+^Cu+4.{HO,SO,)=^CuO,SO,)  +  KO,SO,+ 
4^0+ NO2. 

449.  (C)  Add  a  few  drops  of  strong  sulphuric  acid  to  a 
solution  of  a  nitrate  in  a  test-tube,  and  when  the  mixture 

fi^'^^l'^y^^^'^^^'^P     ^  ™^  °^  protosulphate  of  iron 

(.±'eU,t503+7Aq).    When  mtric  acid  is  present,  a  brown 
compound  is  formed  round  the  crystal,  consisting  of  prot 
?Mn  ''^  combmation  with  nitric  oxide 

(IN  U2),  whUe  the  other  three  equivalents  of  oxygen  com 
bme  with  another  portion  of  the  protoxide,  forming  sesqui- 
•  This  must  be  borne  in  mind  wben  testing  the  purity  of  nitric  acid. 
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oxide  of  iron  {Fe^O^,  M'^liicli  is  dissolved  by  tbe  sulpliuric 
acid  as  sesquisulpliate  {{Fe^O^,ZSO^. 

10iFeO,SO,)+4>{irO,SO,j+XO,NO,=d{Fe,O,,3SO.,)  + 
XO,SOs+4iiFeO,SO^),N02+SO. 

If  tlie  mixture  is  beated,  tbe  brown,  compound  is  decom- 
posed, and  tbe  colour  disappears. 

450.  (C)  If  a  little  hydrochloric  acid  be  added  to  a  solu- 
tion containing  nitric  acid  or  a  nitrate,  tlie  mixture  bas  tbe 
property  of  cfissol-ving  gold  leaf,  owiag  probably  to  tbe 
liberation  of  free  cblorine,  wbicb  acts  on  tbe  metal.  Tbe 
tercbloride  of  gold  (AuCl^)  tbus  formed,  gives  tbe  solution 
a  yellowisb  colour. 

F:0,N0,+2HCI=ZCI+2S0+N0,+  CI. 

451.  Strong  nitric  acid  bas  tbe  property  of  turning  many 
nitrogenous  organic  compounds  yeUow;  a  fact  of  wbicb 
most  cbemists  bave  umntentionally  convinced  tbemselves 
while  experimentiag  with  nitric  acid,  by  the  troublesome 
yeUow  stams  it  leaves  on  the  fingers ;  the  cuticle  being 
converted  into  a  compound  called  xanthoproteic  acid. 
(2HO,C3,NA,Oi,).  .    1    .,1  7  7  • 

452.  (C)  If  a  mtrate  be  nuxed  with  a  Mtle  sulphionc 
acid,  and  warmed  with  a  drop  or  two  oi  sulphate  of  indigo, 
the  blue  colour  of  the  latter  disappears,  owing  to  the 
conversion  of  tbe  indigo  into  colourless  oxidized  com- 
pounds. 

SECTION  X. 

ChlpricAcid  (ClO^). 


Chlorate  of  potash  (KCCIOJ,  both  sobd  aud  in  solution, 
may  be  used. 

453  Weither  chloride  of  barium  nor  nitrate  of  silver 
produce  any  precipitate  m  solutions  of  the  chlorates. 

454  (C)  Heat  a  smaH  fragment  of  tbe  chlorate  m  a  test- 
tube  with  the  flame  of  a  spii-it  lamp  ;  it  is  decomposed, 
and  if  the  heat  is  continued  long  enough,  thewhole  of  the 
oxygen  is  given  off.    Chloride  of  potassium  (KCl)  remains 

i:0,C10,=KCl+60. 
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The  presence  of  oxygen  may  be  proved  by  introducing 
an  ignited  matcli  into  tlie  tube. 

455.  (C)  Dissolve  tlie  residue  of  chloride  of  potassium 
formed  in  the  last  experiment,  in  water,  and  test  the  solu- 
tion with  nitrate  of  silver  (429).  The  formation  of  a 
chloride  after  the  apphcation  of  heat  is  the  best  proof  that 
the  acid  is  chloric  and  not  nitric. 

456.  (C)  When  placed  on  ignited  charcoal,  or  when 
heated  with  organic  substances,  the  chlorates  deflagrate 
even  more  violently  than  the  nitrates.  On  this  accoimt 
very  siuaU  fragments  only  of  the  chlorate  should  be  used. 

r-R-r  ni!??  ^^^^^  ^  fragment  of  chlorate  of  potash 

(.J^  J.ClOg)  m  a  test-tube,  and  pour  upon  it  a  few  drops  of 
strong  sulphui'ic  acid  (^0,5' O3),  taking  especial  care  not  to 
:>j)arm  the  mixture,  as  it  is  hable  to  explode  with  violence 
when  heated.  The  chlorate  is  decomposed,  sulphate  of 
potash  {KO,SO^)  and  perchlorate  of  potash  {K0,C10,) 
Sire  formed,  together  with  peroxide  of  chlorme  (CIOJ 
which  gives  the  mixture  a  yeUowish  colour,  and  escapes  ill 
tJie  lorm  of  a  greemsh  gas. 

X^0,CM0.:)+%H0,S0,)=.^^{K0,S0,)^K0,C10,^ 
2C10,+2^0.  ^ 

458.  Eepeat  experhnents  448,  449,  and  452,  usmg  chlo- 
rate of  potaah  mstead  of  the  nitrate,  and  comp^e  the 
results  with  those  obtamed  with  the  latter. 
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^^^'JJ®  organic  acids  which  are  enumerated  in  Dara 
SeK''  "'"^  i-to  thi-ee  classes,  ac  oicuSg  tci 

tZ;  thusV-l"^  of  calcium  and  perchloricle  of 

Class  J.— Organic  acids  which  are,  under  certain  cirrnm 
stances,  precipitated  by  a  solution  of  chloride  ofTaldiT^" 


Oxahc  (HO,C„O0. 
Tartaric  (2H0,C,H,0i„) 


k2 


Citric  (3HO,C„H.O  ) 
Mahc  \md,cS:olf: 
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Class  II. — Tliose  wHcli  are  lonaffected  by  chloride  of 
calcium,  but  are  thrown  down  by  a  solution  of  perchloride 
of  iron. 

Succinic  (HO,C4H203).  Benzoic  (HO,Ci4H503). 

Class  III. — Those  which  are  not  precipitated  either  by 
chloride  of  calcium  or  by  perchloride  of  ii'on. 
Acetic  {HO,        O3) .  Formic  {SO,  C^SO^). 


SECTION  I. 


Oxalic  Acid  (HO.CgOg). 

460.  Oxalic  acid  is  readily  soluble  in  water  and  in  alcohol. 

461.  When  crystallized  oxalic  acid  (HO.C^Og+SAq)  is 
heated  in  a  tube,  a  portion  volatilizes  unchanged,  while  a 
part  is  decomposed. 

462.  (C)  AH  the  salts  of  the  organic  acids  are  decom- 
posed at  a  red  heat ;  and  when  the  base  is  an  alkali,  01 
alkaline  earth,  a  carbonate  of  the  base  is  formed.  This 
decomposition  is  almost  always  attended  with  a  deposition 
of  charcoal,  and  consequent  blackening  ;  but  in  the  case  of 
the  oxalates  scarcely  any  blackening  takes  place,  the  oxalic 
acid  being  abnost  whoUy  resolved  into  carbonic  acid  (COo) 
and  carbonic  oxide  (CO) ;  the  latter  of  which  escapes,  while 
the  carbonic  acid  combines  with  the  base. 

KO,a03=3^0,COo+CO. 

463.  (C)  Heat  a  little  oxalate  of  lime  (CaO,C203)  to  low 
redness  for  a  few  moments  on  platintmi  foil,  and  observe 
that  the  decomposition  takes  place  almost  without  blacken 
ing  Place  the  fragment  in  a  test-tube,  and  moisten  1. 
with  ddute  hydrochloric  acid,  when  the  effervescence  will 
show  the  presence  of  carbonic  acid  (419,  122). 

464  (C)  Chloride  ofcalciimi  {CaCl),  when  added  to  so- 
lutions containing  oxalic  acid,  either  free  or  m  combma- 
tion  with  a  base,  causes,  even  in  highly  Mute  solutions,  a 
copious  white  precipitate  of  oxalate  of  lime  (taU.LoUg-f 
2Aq),  which  is  readily  soluble  m  hydi-ochlorio  acid  and 
sbcxhtly  so  in  an  excess  of  oxalic  acid,_  so  that  the  addition 
of  ammonia  favours  the  precipitation  m  an  acid  solution. 
CaCl+NII,0,C,0,=C^O,C,0,+NH,Cl. 

The  presence  of  ammoniacal  salts  does  not  mterfere  with 
the  formation  of  this  precipitate. 
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465.  (C)  A  solution  of  sulphate  {Ca0,80^,  or  any  other 
salt  of  lime,  causes  the  same  precipitate  (CaO,C203-f-2Aq), 
even  in  very  dilute  solutions.  Lime-water  also  does  the 
same. 

466.  Perchloride  of  iron  {Fe„Cl^  gives  no  precipitate  in 
solutions  of  oxalic  acid  or  the  oxalates,  unless  they  are 
tolerably  concentrated. 

467.  Nitrate  of  silver  {AgO,NO^  throws  down  a  white 
precipitate  of  oxalate  of  silver  (AgOjCgOg),  which  is  soluble 
both  iu  nitric  acid  and  ammonia.  If  the  precipitate  be 
dried,  and  heated  on  platiuum  foil,  it  is  dispersed  with  a 
shght  puff,  leaviug  a  residue  of  metallic  silver. 

468.  (C)  When  oxalic  acid  or  an  alkaline  oxalate  is 
warmed  with  strong  sulphwric  acid  {110,80^,  it  is  decom- 
oosed  into  carbonic  acid  (COj)  and  carbonic  oxide  (CO), 
VMle  the  basic  water  or  the  aliah  combines  with  the  sul- 
phuric acid  (33). 

'  'ko,c^o^+e:o,so^=ko,so^+jb[o-\-co^+oo. 

The  two  gases  escape  with  effervescence,  and  if  a  taper 
be  apphed  as  they  issue  from  the  tube,  the  carbonic  oxide 
burns  with  a  pale  blue  flame,  combining  with  an  additional 
equivalent  of  oxygen  from  the  air,  and  becomiug  carbonic 
acid  (41). 


SECTION  II. 


Tartaric  Add  (2HO,C8H^Oio). 

469.  Tartaric  acid  is  soluble  both  in  water  and  in 
alcohol. 

470.  (C)  Heat  a  small  crystal  of  the  acid  in  a  tube ;  it 
at  first  fases,  and  is  afterwards  decomposed,  with  deposi- 
tion of  carbon,  and  consequent  blackening.  A  pecuhar  and 
characteristic  odour  is  at  the  same  time  emitted. 

I'old  a  small  fragment  of  bitartrate  of  potash 
(KO,HO,C8H40i„)  in  platintun  foil,  and  heat  it  to  redness 
before  the  blowpipe  or  over  a  spirit  lamp.  The  tartaric 
acid  IS  thus  decomposed,  and  carbonate  of  potash  (i;0,CO,) 
IS  at  the  same  time  formed.  Place  the  fragment  in  a 
test-tube,  and  add  a  few  drops  of  dilute  hydrochloric  acid 
d^(419)  allowing  the  presence  of  carbonic 
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472.  (C)  Chloride  of  calciwm  {CaCl)  tlirows  down  in 
neutral  solutions  contakiuig  tartaric  acid,  a  white  precipi- 
tate of  tartrate  of  lime  (2CaO,CgH40i(,),  wliicli  is  soluble 
in  a  cold  solution  of  potash;  if  the  potash  solution  be 
heated,  however,  the  tartrate  of  hme  separates  as  a  bulky 
precipitate,  but  redissolves  as  the  solution  cools. 

473.  lAme-water  (CaO)  causes  in  neutral  solutions  a 
white  precipitate  of  tartrate  of  hme  (2CaO,C8H40jo),  which 
is  soluble  in  an  excess  of  acid.  The  presence  of  ammo- 
niacal  salts  prevents  the  formation  of  this  precipitate, 
though  if  the  mixt\ire  be  allowed  to  stand  a  few  hours,  the 
tartrate  of  lime  gradually  crystallizes  out. 

474.  Sulphate  of  lime  {Ca  O,SO^  gives  no  precipitate  at 
first,  even  ia  neutral  solutions  of  tartrates  ;  but,  if  allowed 
to  stand,  tartrate  of  lime  gradually  crystaUizes. 

475.  Salts  of  potash  cause  the  formation  of  bitartrate  of 
potash  (KO,HO,CgH40io),  which  separates  from  the  solu- 
tion in  the  form  of  a  granular  precipitate,  soluble  in  an 
excess  of  alkali,  and  most  of  the  inorganic  acids.  If  the 
tartaric  acid  is  present  as  a  neutral  tartrate,  the  bisulphate 
of  potash  {K0,II0,280^  should  be  employed  for  testing 
it.  In  dilute  solutions  the  separation  of  the  precipitate 
is  hastened  by  agitating  the  Hquid  with  a  glass  rod,  when 
lines  of  minute  crystals  will  be  deposited  on  the  sides  of 
the  glass  wherever  the  rod  has  rubbed  against  it  (184, 
186). 

476.  Perchloride  of  iron  (Fe^CQ  gives  no  precipitate 
with  tartaric  acid  or  the  tartrates. 

477.  (C)  Acetate  of  lead  {FhO,C^S^O^+ZAq)  throws 
down  a  white  precipitate  of  tartrate  of  lead  (2PbO,CgH40io), 
which  when  washed  clean,  is  readily  soluble  m  ammoma. 

478.  Tartaric  acid  and  the  tai-trates,  when  present  m 
solutions  of  the  persalts  of  iron,  prevent  the  precipita- 
tion of  the  hydi-ated  peroxide  (FePg.SHO)  when  ammoma 
or  potash  are  added  (280) .  This  is  owing  to  the  formation 
of  double  tartrates  of  iron  and  the  alkah,  which  are  soluble 
in  water,  and  are  not  decomposed  by  an  excess  of  the 
latter  Tartaric  acid  also  prevents  the  precipitation  ot 
alumina,  protoxide  of  manganese,  and  some  other  oxides, 
under  similar  circumstances. 
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SECTION  III. 

Citric  Acid  {m.O,C^^B.f>^^). 

479.  Citric  acid  is  soluble  in  water  and  in  alcohol. 

480.  (C)  WHen  heated  in  a  tube,  citric  acid  at  first 
melts,  and  is  subsequently  decomposed,  emitting  pungent 
fumes,  whicb  may  be  distinguished  by  their  smeU  from 
those  foi-med  by  tartaric  acid  imder  similar  circumstances. 
A  carbonaceous  residiie  remains  in  the  tube. 

481.  (C)  C7^ZorwZeo/ca^cmm(CaCZ),  when  added  to  solu- 
tions of  neutral  citrates,  gives  a  white  precipitate  of  citrate 
of  lime  (SCaOjCigHgOij),  which  is  insoluble  in  potash,  but 
soluble  in  muriate  of  ammonia.  If  the  ammoniacal  solu- 
tion be  boiled,  the  citrate  of  lime  reprecipitates.  Free 
citric  acid  gives  no  precipitate  with  this  test. 

482.  (C)  Lime  loater  (CaO)  fails  to  produce  a  precipi- 
tate in  a  cold  solution,  but  if  the  mixtui'e  be  boiled,  citrate 
of  lime  is  thrown  down,  being  less  soluble  in  hot  water 
than  in  cold. 

483.  Ferchloride  of  iron  {Fe„Cl^  gives  no  precipitate. 

484.  Acetate  of  lead  {Ph  O,  G^JI^  0^+3 Aq)  throws  down  a 
white  precipitate  of  citrate  of  lead  (3PbO,Cj2H50i2),  which 
when  washed,  is  only  very  shghtly  soluble  in  ammonia, 
thus  differing  from  tartaric  acid  (477). 

485.  Citric  acid  and  the  soluble  citrates,  when  present  in 
solutions  containing  peroxide  of  iron,  alumina,  and  some 
other  metaUic  oxides,  prevent  their  precipitation  by 
ammonia,  owing  to  the  formation  of  soluble  double  salts. 

486.  Citric  acid  when  heated  with  strong  sulphuric  acid, 
is  decormposed;  carbonic  acid  and  carbonic  oxide  are 
given  off  with  effervescence,  and  after  some  time,  sul- 
phurous acid  (SO2)  is  formed,  and  the  mixture  becomes 
dark  coloured. 


SECTION  IV. 

Malic  Acid  (2HO,C8H408). 

487.  Malic  acid  dissolves  freely  both  in  water  and 
alcohol. 

488.  (C)  "When  malic  acid  is  cautiously  heated  in  a 
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tube,  it  is  decomposed  into  two  new  acids  ;  maleic  acid 
(2HO,C8H20g),  wMcli  being  volatile,  sublimes  and  con- 
denses in  the  upper  part  of  the  tube  ;  and  fumaric  acid 
(H0,C4H0g)  wMcb  remains  at  the  bottom.  If  the  heat  is 
allowed  to  rise  higher  than  400°  or  500°,  fm-ther  decom- 
position takes  place,  and  the  mass  is  carbonized. 

489.  Chloride  of  calcium  (CaCl)  gives  no  precipitate, 
since  the  malate  of  Linie  (2CaO,C8B[40g)  is  soluble  in  water ; 
the  addition  of  alcohol,  however,  immediately  causes  it  to 
precipitate. 

490.  Lime  water  (CaO)  gives  no  precipitate  with  maJic 
acid  or  the  malates. 

491.  FercJiloride  of  iron  {Fe^Cl^  causes  no  precipitate, 
as  the  malate  of  iron  is  soluble  in  water. 

492.  (C)  Acetate  of  lead  {PhO,CiH^OA-ZAq)  throws 
down  a  wliite  precipitate  of  malate  of  lead  (PbO,HO, 
CgH^Og).  If  acetate  of  lead  in  solution  be  allowed  to  stand 
for  a  day  or  two  on  the  precipitate,  it  is  gradually  converted 
into  beautiful  tofts  of  silky  crystals.  If  the  precij)itate  be 
well  washed,  and,  while  suspended  in  water,  heated  over  a 
lamp,  it  will  be  found  to  melt  into  a  resin-hke  mass  at  the 
temperature  of  boiling  water. 

493.  Like  tartaric  and  citric  acids,  malic  acid  and  the 
soluble  malates  prevent  the  precipitation  of  peroxide  of 
iron  and  some  other  metallic  oxides  by  the  alkalies  (478, 
485). 

494.  "When  heated  with  oil  of  vitriol  {HO, 80^,  malic 
acid  is  decomposed  and  carbonized,  sulphurous  acid  (SOg) 
being  at  the  same  time  given  off. 


SECTION  V. 


Succinic  Acid  (IIO,C4H203). 

495.  Succinic  acid  is  soluble  both  in  water  and  alcohol._ 

496.  (C.)  When  the  pui-e  acid  is  heated  in  a  tube,  it 
volatilizes  entirely,  leaving  no  carbonaceous  residue,  and 
crystallizes  in  the  upper  part  of  the  tube.  The  common 
acid  met  with  in  commerce  is  seldom  pure,  and  usually 
leaves  a  shght  residue.  ,  ^  .  .  x 

497.  Chloride  of  calcium  (CaCl)  gives  no  precipitate 
mth  succmic  acid  or  the  succinates. 
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498.  (C)  FercUoride  of  iron  {Fe^Cl^  thraws  dowo-  a 
bulky  light  brown  preciijitate  of  persuccinate  of  iron 
(re,D3,2C4H203)  from  perfectly  neutral  solutions  contain- 
iag  'succinic  acid.  This  precipitate  is  soluble  in  acids,  and 
is  decomposed  by  ammonia,  which  removes  the  greater  jjart 
of  the  acid. 

499.  Acetate  of  lead  {FbO,C^II^O^-\-ZAq)  gives  a  white 
precipitate  of  succinate  of  lead  (PbO,C4H203),  which  is 
soluble  in  acid  solutions,  and  is  decomposed  into  a  basic 
salt  by  ammonia. 

500.  (C)  "When  treated  with  a  mixture  of  cliloride  of 
barium,  ammonia,  and  alcohol,  solutions  containing  suc- 
cinic acid  give  a  white  precipitate  of  succinate  of  baryta 
(BaO,C,H203). 


SECTION  VI. 

Benzoic  Acid  (HO.Ci^HjOg). 

501.  Benzoic  acid  is  scarcely  soluble  ia  cold  water,  but 
rather  more  so  ia  hot :  it  is  readdy  soluble  in  alcohol. 

502.  (C)  When  heated  in  a  tube,  it  sublimes  and  con- 
denses in  the  form  of  beaiitiful  needle-shaped  crystals : 
the  vapour  has  a  peculiar  aromatic  odour,  and  causes  an 
unpleasant  sensation  in  the  throat,  inducing  coughing. 

503.  Cliloride  of  calcium  {CaCl)  gives  no  precipitate  in 
Bolutions  of  benzoic  acid,  the  benzoate  of  lime  being  soluble 
in  water. 

504.  Ter cliloride  of  iron  {Fe^Cl^  gives  in  neutral  solu- 
tions, a  hght  yellowish  brown  precipitate  of  perbenzoate  of 
iron  {^e^^,'iC^^r,0^,  which  is  soluble  in  acids,  and  like 
the  succinate,  is  decomposed  by  amanonia  (498). 

505.  Acetate  of  lead  {PhO,C^II^O^-\-'^Aq)  throws  down 
a  white  precipitate  of  benzoate  of  lead  (PbO,Ci4H503)  in 
solutions  of  benzoate  of  potash  or  of  soda,  but  not  in  a 
solution  of  the  free  acid,  or  of  benzoate  of  ammonia. 

506.  (C)  A  mixture  cliloride  ofhariiion,  ammonia,  and 
alcohol,  gives  no  precipitate  with  benzoic  acid  and  the 
benzoates,  thus  differing  from  succinic  acid  (500). 

507.  (C)  "When  the  solution  of  an  alkaline  benzoate 
as  benzoate  of  ammonia  {NR^O,C^^H.^O^),  is  ti'eated  with 
strong  sulphuric  or  hyd/rochloric  acid,  it  is  decomposed,  and 
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the  liberated  benzoic  acid,  being  almost  insoluble  in  water, 
is  precipitated  in  tlie  form  of  a  white  crystalline  precipi- 
tate ;  while  the  sulphate  or  muriate  of  ammonia  remains 
in  solution. 

ns:,o,c,,e:,o^+ho,so^=ns^o,so^-^-ko,c[,-3.,o,. 


SECTION  VII. 

Acetic  Add  {JEO,  C^E^ O3). 

508.  Acetic  acid  is  soluble  in  all  proportions  in  water : 
it  dissolves  also  in  alcohol. 

509.  (C)  When  heated,  it  volatihzes  readily,  leaving,  if 
pure,  no  residue  ;  the  fumes  have  an  exceedingly  pimgent 
odour,  resembling  that  of  vinegar,  which  owes  its  active 
properties  to  the  acetic  acid  which  it  contains. 

510.  CJiloride  of  calcmm,  and  the  other  salts  of  lime, 
give  no  precipitate  with  acetic  acid  or  the  acetates. 

Perchloride  of  iron  also  gives  no  precipitate,  but  changes 
the  colour  of  the  solution  to  a  deep  reddish  brown. 

511.  (C)  Nitrate  of  Silver  {AgO,NO^  causes  in  neutral  so- 
lutions, awhite  precipitate  of  acetate  of  silver  (AgOjC^HgOg), 
which,  if  the  mixture  is  heated,  partially  dissolves,  and 
recrystallizes  on  cooling  ;  it  is  soluble  in  ammonia. 

511a.  (C)  Protonitrate  of  mercury  {IIgO,NO-^  gives  on 
agitation  aprecipitate  of  acetate  of  mercury  (HgO,C4H303), 
which  separates  in  the  form  of  white  silky  ciystallme  scales. 
Hg  0,N0, + KO,  GJI^  0^='E.gO,C^;E.f)^ + XO,NO,. 

512.  (C)  When  an  acetate  is  mixed  with  dilute  sul/pliuric 
acid,  and  gently  warmed,  it  is  decomposed;  a  sulphate  of 
the  base  being  formed,  while  the  acetic  acid  is  set  fi'ee,  and 
may  be  recognised  by  its  odour. 

KO,  C^R^  O3 + no,  SO.^KO,  S0,+ KO,  C.H^  0,. 

513.  (C)  If  a  mixture  of  an  acetate  with  dilute  sulphuric 
acid  be  distilled  (536),  and  the  distilled  hquid  boiled  with 
an  excess  of  oxide  of  lead  (PbO),  the  liberated  acetic  acid 
combines  with  a  portion  of  the  oxide,  forming  subacetate 
of  lead  (dPbO,C^Ii:sOs);  which,  having  an  alkalhie  reaction 
with  test  paper,  may  be  recognised  by  its  tui-nmg  the  yel- 
low colour  of  turmeric  paper  brown. 
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514.  (C)  When  acetic  acid  or  an  acetate  is  warmed  with 
strong  sulphuric  acid  {IIO,SO^,  acetic  ether  (C4H5O, 
C4H3O3)  is  formed,  which  volatilizes,  and  may  be  known 
by  its  pecuhar  and  refreshing  odour. 


SECTION  VTII. 

Formic  Acid  {SO,CMO^). 

515.  Formic  acid  is  readily  soluble  both  in  jrater  and 
alcohol. 

516.  (C)  When  heated,  it  volatihzes  entirely,  giving  off 
fumes  of  a  penetrating  disagreeable  odour. 

517.  Chloride  of  calcium  gives  no  precipitate  with  formic 
acid  or  the  formiates. 

518.  Perchloride  of  iron  also  gives  no  precipitate. 

519.  Nitrate  of  silver  gives  in  strong  and  neutral  solu- 
tions of  the  formiates,  a  white  precipitate  of  formiate  of 
silver  (AgO.CgllOa),  which  shortly  becomes  of  a  darker 
colour,  owing  to  decomposition  and  the  Hberation  of  me- 
tallic silver.  If  the  mixture  be  boiled,  this  reduction  takes 
place  immediately. 

A  similar  decomposition  takes  place  with  protonitrate  of 
mercury. 

520.  (C)  When  warmed  with  dilute  sulphuric  acid,  the 
formiates  are  decomposed:  the  formic  acid  volatilizes,  and 
may  be  known  by  its  odour. 

521.  (C)  If  formic  acid  or  a  formiate  be  heated  with 
strong  sulphuric  acid,  it  is  resolved  into  water  and  carbonic 
oxide  (CO).    C.H0.,=2C0  +  E:0. 

The  carbonic  oxide  gas  escapes  mth  effervescence,  and 
burns  with  a  pale  blue  flame  if  a  hght  be  appHed  to  the 
mouth  of  the  tube. 


PART  III. 


QUALITATIVE  ANALYSIS  OF  SUBSTANCES,  THE 
COMPOSITION  OF  WHICH  IS  UNKNOWN. 


CHAPTEE  I. 

PEELIMINAEY  EXAMINATION,  ETC. 

522.  When  a  substance  is  presented  for  examination, 
with  a  view  to  ascertaining  its  cliemical  composition,  it  is 
obvious  tliat  it  would  be  extremely  tedious  if  we  were  to 
begin  by  applying  indiscrimiaately  tbe  tests  for  tke  various 
metals  and  acids,  untU.  we  happened  to  meet  with  one  which 
gave  a  characteristic  reaction;  and  although  such  a  method 
might  occasionally  succeed  in  the  examiaation  of  substances 
consisting  merely  of  one  base  and  acid,  it  would  certainly 
be  found  wholly  inefficient  under  less  favoui-able  circum- 
stances, as  when  two  or  more  bases  and  acids  are  mixed 
together,  which  would  mask  or  neutralize  each  other's 
behaviour  with  the  different  reagents  employed.  Hence 
the  necessity  of  a  well-devised  plan  of  proceeding,  m  which, 
by  means  of  a  few  simple  experiments,  we  are  enabled  to 
obtain  some  considerable  insight  into  the  natui-e  of  the 
substance  under  examination. 

523.  Before  beginning  what  may  be  called  the  real  aim- 
lysis  of  a  substance,  it  is  generally  advisable  to  make  a  few 
preliminary  experiments  upon  it,  in  order  to  ascertam  the 
class  of  compoimds  to  which  it  belongs,  and  whether  the 
usual  mode  of  analysis  will  be  likely  to  succeed  with  it: 
this  may  be  called  the  jareliminari/  examination: 
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We  will  first  suppose  that  a  solid  substance  has  been 
given  to  the  student  for  examination.  If  it  is  a  liquid,  he 
may  pass  on  to  paragraph  (533). 

SECTION  I. 

Preliminary  Examination  of  Solids.* 

524.  Observe  whether  the  substance  is  crystalline 
or   amorphous :    whether   it   is  homog'eneous 

throug'hout,  or  composed  of  different  ingredients,  such 
as  can  be  distinguished  either  with  the  naked  eye,  or  with 
the  assistance  of  a  lens. 

Note  any  pec\diarity  of  form  or  colour ;  and  observe 
whether  or  not  it  possesses  metallic  lustre. 

525.  Take  its  specific  geavitt  (145).  A  knowledge 
of  this  is  frequently  of  great  service,  especially  ia  the  case 
of  minerals,  when  by  a  reference  to  a  table  of  specific 
gravities,t  we  are  able  at  once  to  guess  what  it  is,  and  to 
strike  out  of  the  hst  of  possibdities  a  large  number  of  sub- 
stances which  it  might  more  or  less  resemble  in  external 
appearance. 

526.  Place  a  peagment  op  the  substance  in  a  small 
tube  op  haed  geeman  glass,  closed  at  one  end  :  heat 
it  piest  ovee  a  lamp,  and  apteewaeds  in  the  plame 
OP  THE  BLOWPIPE.  Observe  («)  whether  it  appears 
to  underg-o  any  chang'e:  if  it  does  not,  we  infer 
that  the  substance  contains  no  water  or  organic  matter ; 
that  it  is  not  readily  fasible;  and  that  no  volatile  sub- 
stances are  present. 

(h)  Soes  it  fuse?  and  if  so,  does  it  continue  fluid 
as  long  as  the  heat  is  appHed,  or  does  it,  after  a  short  time, 
soHdify  while  still  in  a  heated  state  ?  If  it  solidifies  while 
hot,  it  had  probably  undergone  what  is  called  the  watery 
fusion,  or  melted  in  its  water  of  crystallization,  which  is 
gradually  expelled,  condensing  in  the  upper  part  of  the 
tube.    If  the  substance  fuses  without  any  other  apparent 

•  I  cannot  too  strongly  insist  once  more  on  the  importance  of  making 
careful  and  accurate  notes  of  all  the  expeiiments  and  observations  which  are 
made ;  they  are  not  only  often  absolutely  necessary  for  reference  in  the  sub- 
sequent stages  of  (he  analysis,  but  the  practice  is  also  of  the  greatest  value  to 
the  student,  in  cultivating  habits  of  correct  observation  and  facihty  of  expres- 
sion; besides  at  the  same  time  impressing  the  facts  more  stronelv  on  hia 
recollection  (6).  c        ^  t,  j 

t  Such  a  table  may  be  found  in  Dr.  Thomson's  Mineralogy,  vol.  i.  p.  710. 
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change,  it  probably  contains  eitlier  an  alkali  or  an  alkaline 
earth. 

(c)  Does  it  wholly  volatilize  ?  If  it  does,  of  course 
no  fixed  matter  is  present,  and  we  are  thus  enabled  to 
lessen  the  circle  of  our  inquiry  very  considerably. 

(d)  Perhaps  a  portion  volatilizes,  leaving'  a 
fixed  residue :  hence  we  infer  that  the  substance  under 
examination  is  probably  a  mixture  of  two  or  more  sub- 
stances. 

(e)  When  tbe  substance  is  volatile  (either  whoUy  or  ia 
part),  observe  whether  the  vapour  condenses  in 
the  cool  part  of  the  tube ;  and  if  so,  whether  the 
matter  deposited  is  solid  (crystalline  or  amorphous)  or 
liquid ;  if  tbe  latter,  is  it  neutral  or  otherwise  to  test 
paper?  Is  tbe  vapour  combustible?  Has  it  any 
characteristic  smell,  as  of  ammonia,  or  of  bui-ning 
sulphui-,  or  of  arsenic  (301)  ? 

(/)  Does  tlie  substance  under  examination  blacken 
when  heated?  If  it  does,  we  may  infer  that  some 
organic  matter  is  present :  and  if,  by  continuing  the  heat 
with  access  of  air  on  a  piece  of  platinum  foU,  the  blackness 
disappears,  we  may  pronounce  with  certainty  that  such  is 
the  case.  If  tbe  burnt  mass,  when  cold,  effervesces  on 
being  moistened  with  dilute  hydeochloeic  acid  (SCI), 
wbiLe  the  substance  in  its  original  state  does  not,  we  may 
infer  that  anorganic  acid  was  present,  which,  when  heated, 
is  converted  into  carbonic  acid,  forming  a  carbonate  (462, 
471).  In  tbis  case,  too,  it  is  highly  probable  that  the  base 
with  wbicb  tbe  organic  acid  was  in  combination,  is  either 
an  alkali  (potash  or  soda),  or  an  alkaUne  earth  (Hme,  mag- 
nesia, baryta,  or  strontia) ;  as  otherwise  the  newly-formed 
carbonate  would  probably  have  been  decomposed,  leavmg 
eitber  a  metallic  oxide  or  reduced  metal  (423). 

(q)  In  case  of  carbonisation,  observe  whether  any  cha- 
racteristic smell  is  given  off  during  the  decomposition 
(470  480),  and  also  whether  the  vapom-  which  is  formed 
is  neutral,  acid,  or  alltabne  to  test  paper  :  if  aEcaline,  it  is 
probable  either  that  ammonia  was  present,  or  that  mtrogen 
was  contained  in  tbe  organic  matter.* 

It  is  not  to  be  considered  certam  that,  because  a  sub- 
stance does  not  char  when  heated,  no  organic  matter  is 

»  men  an  orRanic  substance  containing  nitrogen  is  heated,  amniouia 
(NH3)  is Xost  invai-iably  formed  during  the  destructive  decomposition. 
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present,  since  many  organic  substances  volatilize  without 
decomposition. 

527.  Heat  a  feagment  of  the  substance  on  chae- 
coal  in  the  innee  flame  of  the  blowpipe.  in  tms 
experiment,  some  of  the  appearances  already  obtained  by 
beating  in  a  tube  (526),  wid  probably  be  repeated,  such  as 
cbaiTing,  volatilization,  &c.  Observe, 

(a)  Whether  the  substance  fuses,  either  easdy  or 
only  after  prolonged  appHcation  of  the  flame.  If  fusion 
takes  place  speedily,  and  especially  if  the  fused  mass  is 
absorbed  by  the  charcoal,  it  is  probable  that  potash  or 
soda  is  present:  if  the  former,  the  flame  may  be  tiaged 
with  a  violet  colour  (187). 

_  (5)  If  the  substance  fuses  and  boils,  and  after  a  short 
time  solidifies  while  still  imder  the  influence  of  the  heat, 
the  fusion  was  probably  owing  to  the  presence  of  water  of 
crystallization  (526  b). 

(c)  If  the  substance  is  infusible  (either  without  or 
subsequent  to  the  watery  fusion,)  and  remauis  on  the  char- 
coal m_  the  form  of  a  colourless  mfusible  mass,  the  sub- 
stance IS  probably  an  alkahne  earth,  siHca,  oxide  of  zuic  or 
alumma.  If  an  alkahne  earth,  it  wiU  probably  rachate'an 
mtense  white  hghtwhde  ignited.  The  white  hifusible  mass 
may  then  be  moistened  with  a  solution  of  niti-ate  of  cobalt, 
and  agam  heated;  when  if  it  becomes  blue,  alumma  maybe 
suspected  (245);  if  green,  oxide  of  zmc  (261);  and  if  pale 
pink,  magnesia  (209).  If  it  is  siHca,  it  will  fose  mto  a  clear 
colourless  bead  with  carbonate  of  soda,  effervescing  at  the 
same  time  (427).      '  s   >^  i^uc 

(d)  In  case  a  bead  of  reduced  metal,  or  a  co- 

residue,  is  formed  on  the  charcoal. 
It  should  be  mixed  with  carbonate  of  soda  (NaO  CO  )  and 
agam  heated  as  before  on  charcoal  in  the  deoxidizing  flame 
meti^'^lFr  «^         are  present,  a  bead  of  the 

£;1.T^  TP  •^°'™''^i  T*^^^*  incrustation  on  the 
W  ?     -I  ^''^el'      present,  they  will 

be  reduced  to  the  metallic  state,  but  instead  of  fi  shi/iSo 
a  bead  wiU  be  mixed  up  with  the  carbonate  of  sorfbehS 
mfiisible  except  at  a  higher  temperature),  giving  the  bS 
a  grey  opaque  appearance.  ^  ^ 

bu^nrfwSconLlroSir''  7*^?!?,''  '^^"^^  charcoal  is 


examina- 
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(e)  If  a  white  deposit  is  formed  on  the  char- 
coal round  the  bead  of  metal  (or  indeed  without 
any  metallic  bead),  it  is  probably  owing  to  the  presence  of 
zinc  or  antimony.*  If  zinc,  tlie  oxide  while  hot  is  yel- 
lowish, becoming  white  on  coohng  (260). 

(/)  If  a  yellow  or  brown  deposit  is  formed, 
either  lead,  bismuth,  or  cadmi\mi,  may  be  supposed  to  be 
present. 

528.  Warm  a  feagment  oe  the  substance  in  a  tube 
with  steong  sulphueic  acid  {so,so^)  : — 

(a)  If  effervescence  occurs,t  it  is  probably  owing 
to  the  escape  of  some  volatile  acid,  which  is  displaced  by 
the  sulphuric  acid.  If  the  gas  thus  hberated  has  no  smell, 
carbonic  acid  may  be  suspected  (419).  If  it  smeUs  of 
hydrosulphuric  acid,  the  substance  was  probably  a  sulphide 
(438),  in  which  case  sidphurous  acid  (SO2)  would  probably 
at  the  same  time  be  formed.  If  the  smell  resembles  that  of 
nitric  or  nitrous  acids,  the  presence  of  a  nitrate  may  be 
inferred,  especially  if  orange  coloured  fumes  are  evolved 
on  the  addition  of  clean  copper  fihngs  (448).  If  the  dis- 
engaged gas  is  greenish  yellow,  with  a  smeU  somewhat 
resembhng  chlorine,  it  is  probably  owing  to  the  presence  of 

a  chlorate  (457).  -n  i  i, 

(b)  If  organic  matter  is  present  (which  will  have  been 
already  ascertamed  (526/)),  the  escape  of  gas  may  be 
due  to  the  carbonic  acid  or  other  gas  formed  by  the  action 
of  the  sulphuric  acid  upon  it;  and  consequently  the 
presence  of  a  volatile  acid  is  not  proved  by  this  expermient, 
when  organic  matter  is  present. 

(c)  If  the  substance  undergoes  no  apparent  chang-e 
by  the  action  of  sulphuric  acid,  the  absence  of  all  these 
compounds  may  be  inferred.  _  t_;„„^ 

52q  The  next  pomt  to  be  ascertamed  m  the  prehmmary 
examination,  is  as  to  the  solubility  of  the  substance  m 
water  and  other  solvents.  Place  five  or  ten  grams  of 
the  pounded  substance  in  a  test-tiibe,  and  ti-eat  it  with  a 
httle  distilled  water  (at  first  cold,  and  afterwards  boded 
i  he  substance  does  not  dissolve),  and  obsei-ve  whethe^^^^^^ 
is  whoHy  or  partially  soluble,  or  whether  it  is  absolutely 
Loluble.    This  is  known  by  evaporatmg  a  drop  of  the 

*  See  note  in  preceding  page.  imhblps  of  conunon  air,  which 

liqiiid,  for  true  effervescence. 
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clear  liquid  (filtered  if  necessary)  on  platinum  foil,  when,  if 
anytliing  is  dissolved,  it  wiU  be  left  as  a  residue ;  whicli,  if 
abundant,  iadicates  that  the  substance  is  copiously  soluble  j 
and  if  sliglit,  that  it  is  only  sparingly  so.* 

(a)  If  nothing*  is  dissolved  by  the  water,  we  thus 
prove  the  absence  of  all  soluble  compounds. 

(b)  If  it  wholly  dissolves,  we  prove  the  absence  of 
all  iasoluble  compounds. 

(c)  If  it  partially  dissolves,  it  is  either  a  sparingly 
soluble  substance,  or  a  mixture  of  soluble  and  insoluble 
matters:  the  addition  of  more  water  wiU  show  which  of 
these  is  the  case.  If  it  is  a  mixture,  the  insoluble  portion 
may  be  separated  by  filtration  from  the  solution,  for  further 
examination  (530). 

530.  If  the  substance,  oe  any  poetion  of  it,  is 
found  to  be  insoluble,  oe  but  veey  spaeingly  soluble, 
in  watee,  it  must  be  teeated  with  dilute  hydko- 

CHLOEIC  ACID  {SCI),  (EXCEPT  IT  BE  A  METAL,  See  531,) 

AND  IF  NECESSAEY  BOILED.  Whether  Or  not  anything 
dissolves,  may  be  ascertaiaed  by  evaporating  a  drop  of  the 
clear  Hquid  on  platinum  foil  (529).  If  effervescence 
occurs,  it  is  probably  owing  to  the  escape  of  a  gaseous 
acid,  which  may  sometimes  be  identified  by  the  smell  or 
colour  (528  a).  If  the  smeU  of  chlorine  be  given  off,  it 
may  be  owing  to  the  presence  of  a  peroxide,  as  of  man- 
ganese (Mn02). 

M.u0^^2HCl=Mn  Cl+ "IKO^  CI. 
In  case  the  whole,  or  any  portion,  of  the  substance  prove 
insoluble  in  hydi-ochloric  acid,  it  must  be  separated  by 
filtration,  and  retained  for  further  examination  (532). 

531.  If  THE  SUBSTANCE  IS  A  METAL  (KNOWN  BY  ITS 
METALLIC  LUSTEE,  &C.),  IT  MUST  BE  TEEATED  WITH  STEONa 
NITEIC  ACID,  AND  IF  NECESSAEY  BOILED. 

{a)  If  no  apparent  action  takes  place,  the 

metal  is  probably  gold  or  platinum:  and  if  it  be  found  that 
notJimg  has  chssolved,  the  absence  of  aU  the  common 
easily  oxidizable  metals  may  be  inferred. 

(i)  If  the  metal  is  acted  upon,  and  a  white 
precipitate  is  at  the  same  time  formed,  which 

U8l/i,j\t'^7L°J'''^''T  experiment,  whether  thedistiUed  water 

Ztt^  experiments,  is  itself  perfectly  pure,  and  free  from  dissolved 

Zn^rfh^  residui  would  of  course  b^left  evin 

though  the  substance  under  examination  were  insoluble  (753).  ' 

L 
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IS  found  to  be  insoluble  in  water,  it  is  probable  tbat  anti- 
niony  or  tiii  is  present  (391) ;  and  if,  besides  the  formation 
of  the  white  precipitate,  some  of  the  metal  is  dissolved, 
(known  by  evaporating  a  drop  of  the  clear  hquid  on  pla- 
tinum foil),  the  presence  of  some  other  metal,  soluble  in 
nitric  acid,  may  be  relied  on. 

(<?)  If  the  metal  dissolves  entirely,  the  absence  of 
gold,  antimony,  and  tin,  may  be  inferred. 

532.  The  matter  (if  any)  which  peoved  insoluble 

IN  HYDEOCHLORIC  ACID  (530),  IS  NOW  TEEATED,  FIEST 
■WITH  STRONG  NITEIC  ACID  ;  AND  THEN,  IF  IT  RESISTS 
SOLUTION,  WITH  NITEOHYDEOCHLOEIC  ACID  (698),  AND  IF 

NECESSAEY  BOILED.  If  lusoluble  in  this,  it  is  probably  one 
of  the  insoluble  silicates,  sulj)hates,  or  chlorides,  and  will 
have  to  be  afterwards  examiued  (578,  623). 

SECTION  II. 

Freliminary  Examination  of  Liquids. 

533.  When  the  substance  given  for  examuiation  is 
liquid,  a  drop  or  two  should  be  evaporated  on  platinum 
fod,  to  ascertain  whether  or  not  it  contains  any  fixed 
matter  iu  solution.  If  such  is  the  case,  a  small  quantity 
of  the  hquid  is  to  be  evaporated  to  di-yness  in  a  basin,  and 
the  residue  examined  according  to  the  dii'ections  given 
above  for  solid  substances  (524,  526  et  seq.).  Towards  the 
end  of  the  evaporation,  when  the  residue  is  nearly  dry,  and 
a  peUicle  of  solid  matter  is  formed  on  the  surface,  it  is  very 
liable  to  "  spm"t,"  and  project  small  portions  of  the  substance 
out  of  the  basin  (644) ;  this  is  best  avoided  by  moderating 
the  heat,  and  by  constantly  stuTing  with  a  glass  rod,  so  as 
to  prevent  the  formation  of  the  pellicle. 

While  the  evaporation  is  going  on,  the  following  experi- 
ments may  be  commenced  with  the  solution. 

534.  Take  its  specific  gravity  (148). 

535.  Test  the  solution  with  litmus  and  turmeric 
PAPER,  to  ascertain  whether  it  is  neutral  or  otherwise. 

(a)  If  neutral,  the  absence  of  free  acids  and  alkalies, 
and  of  acid  salts,  may  of  com'se  be  considered  certain.  It 
is  probable,  also,  that  the  only  salts  present  are  those  of 
the  alkalies  or  alkaline  earths,  as  the  solutions  of  most 
other  salts  have  a  feebly  acid  reaction. 
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(5)  If  it  has  an  acid  reaction  (known  by  its  reddening 
blue  litmus  paper),  it  is  owing  to  the  presence  of  either 
an  uncombined  acid,  an  acid  salt,  or  a  soluble  salt  of  one 
of  the  he&yj  metals,  maay  of  which  have  a  feebly  acid 
reaction.  To  ascertain  which  of  these  is  present,  pour  a 
little  of  the  solution  into  a  test-tube,  and  stir  it  with  a 
glass  rod,  the  end  of  which  is  moistened  with  a  solution 
of  carbonate  of  potash  (K0,C0^+2Aq);  if  this  causes  a 
precipitate,  the  acid  reaction  is  probalsly  owing  to  the 
presence  of  a  metallic  salt ;  while,  if  the  solution  remains 
clear,  a  free  acid  or  an  acid  salt  is  probably  the  cause. 

(c)  If  the  solution  has  an  alkaline  reaction  (known 
by  its  turning  turmeric  paper  brown),  it  is  probably  owing 
to  the  presence  of  a  free  alkah  or  alkalme  earth,  one  of 
the  alkahne  carbonates,  or  an  alkahne  sulphide.  In  this 
case  we  are  enabled  to  exclude  at  once  aU  oxides  which  are 
msoluble  m  alkahne  solutions  ;  and  if  alkahne  carbonates 
are  present,  none  of  the  alkaline  earths  can  exist  in  solu- 
tion, smce  they  would  be  thrown  down  as  insoluble  car- 
bonates. 

536.  If  the  solvent  hquid  is  supposed  from  its  taste  or 
smell,  to  be  other  than  water,  it  may  be  necessary  to 


Fig  76.   Tube  DistiUation  Fig.  77. 

insulate  it  from  the  sohd  matter  it  contains,  for  examina- 
fS.  •  ^  is  volatile,  by  chstd- 

minute,  the  distdlation  may  be  effected  hi  two  small  tubes 

L  2  ' 
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as  shown  in  fig.  76,  a  being  the  retort,  and  b  tlie  receiver ; 
the  latter  may,  if  necessary,  be  kept  cool  by  immersion  m 
cold  water.  The  liquid  should  be  poured  down  a  long 
tube  funnel  (fig.  77)  to  avoid  soiling  the  long  limb  of  a. 
The  distilled  liquid  may  then  be  examined  as  to  its  taste, 
smell,  specific  gravity,  boiling  pomt,  &c. 

537.  When  the  substance  to  be  exammed  is  liquid,  con- 
taining solid  matter  in  suspension,  the  latter  is  to  be 
separated  by  filtration,  and  the  soHd  and  liquid  portions 
examined  separately,  according  to  the  directions  given 
in  paragraphs  524  et  seq.  and  533  et  seq. 


SECTION  III. 

Actual  Analysis. 


Introductory  Eemarks. 


538  Havmg  learnt  from  the  prehminary  experiments 
just  described  the  general  nature  of  the  substance  under 
Examination,  together  with  its  degree  of  solubdity,  &c  we 
proceed  to  the  actual  analysis  by  means  of  kqmd  tests 
Sh  a  view  to  ascertaining  the  exact  constituents  of  which 

'*m3'&st,  for  the  sake  of  simpHcity  and  leaving 
entirelvCt  of  sight  all  the  rarer  substances  (179),  descnbe 
+ Processes  to  be  foUowed  in  the  analysis  of  simple  salts 
wMch  are  Siown  to  contam  only  one  metalhc  oxide  or 
base  combined  with  one  acid;  as,  for  example  sulphat^of 
Potash  fKO.SO,);  or  a  binary  compound  of  a  metal  witli 
rnomnSalhc  body  (or  haloid  salt),  such  as  chloride  of 
calchTfcaCl)  ■  a/d  first  those  which  are  readdv  soluble 
fn  wTer  It  s  usual  to  determine  the  base  &st,  and 
when  that  is  done,  the  student  may  pass  on  to  (556),  and 

^^S^^^'e?Sfe%"  any  metal  or.a^id^  m^- 
foAJ+hP  action  of  a  reagent  employed  m  quahtative 

rSl°s';^dSy  d?cided\  teL'^^^  to  render 
S%?eai  o?tm^J  absolutely  certain.   The  stndent, 
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therefore,  when  lie  is  led  to  infer  from  the  result  of  an 
experiment,  that  a  certain  substance  is  present,  should 
refer  to  the  action  of  other  reagents  on  the  particular 
metal  or  acid  in  question ;  when  he  wiU  have  no  difficulty, 
by  applying  two  or  three  of  the  most  characteristic  tests 
to  some  of  the  original  solution,  in  proving  his  supposition 
to  be  correct  or  otherwise. 


CHAPTER  II.* 

QUALITATIVE  ANALYSIS  OF  A  SIMPLE  SALT,  CONTAINING 
ONE  BASE  AND  ONE  ACID,  WHICH  IS  EEADILY  SOLUBLE 
IN  WATEE  (529). 

SECTION  I. 

Examination  for  the  Base  of  the  Salt. 

540.  Having  made  a  tolerably  strong  solution  of  the 
salt,  a  Httle  of  the  solution  is  treated  with  a  drop  or  two 

of  DILUTE  HYDEOCHLOEIC  ACID  {SCI).     If  this  caUSCS  a 

white  precipitate,  it  is  probably  owing  to  the  pre- 
sence of  either  Lead,  Silve)',  or  Protoxide  of  Mercv/ry,  the 
chlorides  of  which,  being  more  or  less  insoluble,  are  pre- 
cipitated as  soon  as  formed.  In  order  to  distinguish  be- 
tween them,  a  portion  of  the  liquid  with  the  precipitate,  is 
supersaturated  with  ammonia  {NS^. 

{a)  If  this  dissolves  the  precipitate,  the  base  is 
probably  Oxide  of  Silver  (377). 

(6)  If  the  precipitate  becomes  dark  coloured, 
the  base  is  probably  Protoxide  of  Mercm^y  (338). 

(c)  If  the  precipitate  remains  unaltered  by 
the  ammonia,  the  base  is  probably  Oxide  of  Lead  (362). 

In  either  case,  a  portion  of  the  original  solution  should 

*  The  student  will  find  in  the  Appendix  a  list  of  salts,  &c.,  which  may  be 
taken  for  practice  in  qualitative  analysis.  He  may  first  examine  a  few  of  each 
kind  with  the  assistance  of  the  book,  until  he  finds  himself  tolerably  familiar 
with  the  processes;  after  which  he  may  try  them  without  reference  to  the 
pnnted  directions. 
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be  tried  witli  some  of  tlie  most  cliaracteristic  tests  for  tlie 
suspected  metal  (539). 

Hyd/rosulphv/ric  Acid  Test. 

541.  If  no  precipitate  is  caused  by  tbe  bydrochloric  acid, 
tbe  acidified  portion  of  tbe  solution  is  mixed  witb  one 
of  HTDEOSXiLPHUEic  ACID  {SS),  ov  tbe  gas  may  be  passed 
tbrougb  it  (701)  until  it  smells  perceptibly.  If  this 
causes  no  chang'e,  tbe  student  may  pass  on  to  (547) ; 
but  if  a  precipitate  is  produced,  tbe  base  is  tbus 
sbown  to  be  one  of  tbose  ia  tbe  fourtb  class  (179),  since 
none  of  tbe  otbers  are  precipitated  from  an  acidified  solu- 
tion by  bydrosulpburic  acid. 

542.  If  the  precipitate  is  black,  tbe  base  is  eitber 
oxide  of  Lead,  oxide  of  Copper,  oxide  of  Bismuth  *  or  per- 
oxide of  Mercury.  To  prove  wbicb  of  tbese  it  is,  add  to 
separate  portions  of  tbe  origiual  solution  iu  a  test-tube, 
tbe  followiug  tests,  untU  one  of  tbem  is  foimd  to  radicate 
tbe  metal  present. 

{a)  Add  a  little  dilute  sttlphiteic  acid  {H0,S0^.  If 
tliis  causes  a  white  precipitate,  tbe  base  is  probably 
Oxide  of  Lead,  tbe  wbite  precipitate  being  iu  tbat  case 
sulpbate  of  lead  (PbO.SOg)  (361).  To  confirm  tbis,  add 
some  of  tbe  otber  tests  for  lead  (356,  363,  364). 

(6)  If  the  sulphuric  acid  g-ives  no  precipi- 
tate, add  to  anotber  portion  a  sohition  of  ammonia 
(JVBo) ;  if  tbis  causes  at  first  a  lig-ht  blue  precipi- 
tate, wbicb  on  tbe  addition  of  ammonia  in  excess,  re- 
dissolves,  forming  a  deep  ricb  blue  solution,  tbe  base 
\s  Oxide  of  Copper  (Confirm  371,  372.) 

(c)  To  anotber  portion  of  tbe  origmal  solution,  add  a 
few  drops  of  a  solution  of  potash  {KO)  ;  if  tbis  causes  a 
yellow  precipitate,  tbe  base  is  Peroxide  of  Mercwry 
(351).    (Confirm  346,  353,  354.) 

(/)  If  none  of  tbese  tests  succeed,  a  bttle  oi  tbe  solu- 
tion sbould  be  evapoeated  neably  to  deyness  with 
HYDEOCHioEic  ACID,  and  tben  added  to  a  considerable 
quantity  of  water  in  a  test-tube ;  if  a  white  Precipi- 
tate is  produced,  tbe  base  is  probably  Oxide  of  Bismuth 
(394).    (Confirm  395,  397.) 

*  Bismuth  is  seldom  met  mth  in  soluble  compounds,  since  most  of  its 
salts  are  insoluble,  or  only  very  sparmgly  soluble,  m  water. 
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543.  If  the  precipitate  caused  by  hydro- 
sulphuric  acid  is  brown,  the  base  is  probably 
Protoxide  of  Tin  (381).    (Confirm  379,  382,  386.) 

544.  If  the  precipitate  caused  by  hydro- 
sulphuric  acid  is  yellow,  eitlier  tlie  base  is  Per- 
oxide of  Tin  (388),  or  one  of  tlie  oxides  of  arsenic  is  present 
(307).*  To  determine  wliicli  of  tbese  it  is,  add  to  a  portion 
of  tlie  original  solution,  a  few  drops  of  dilute  ammonia  ; 
if  this  causes  a  white  precipitate,  the  base  is  pro- 
bably Peroxide  of  Tin  (390) ;  (Confirm  387,  393  ;)  while  if 
the  solution  remains  clear,  the  yellow  sulphide  is 
probably  that  of  Arsenic^    (Confirm  303,  312.) 

545.  If  the  colour  of  the  precipitate  thrown 
down  by  hydrosulphuric  acid  is  orang"e,  the 
base  is  probably  Oxide  of  Antimony  (329).  (Coufii-m  332, 
334.) 

546.  If  the  precipitate  with  hydrosulphuric 
acid  is  white,  the  base  is  probably  Peroxide  of  Iron, 
sulphur  being  in  that  case  precipitated  (278).  (Confirm 
280,  282.) 

Syd/rosulphate  of  Ammonia  Test. 

547.  When  hydrosulphuric  acid  causes  no  precipitate, 
it  may  be  inferred  that  no  metal  of  the  fourth  class  (179) 
is  present,  and  that  the  metal  contained  in  the  salt  belongs 
consequently  to  one  of  the  three  other  classes.  Add  a 
little  MUEiATE  OF  AMMOiSTiA  {NII^Cl)X  to  a  portion  of  the 
original  solution,  and  then  a  few  drops  of  dilute  ammonia, 
unless  the  solution  was  quite  neutral ;  in  which  case  the 
addition  of  ammonia  is  unnecessary,  its  use  being  to  pre- 
vent the  presence  of  any  excess  of  acid,  which  might 
interfere  with  the  action  of  the  hydrosulphate  of  ammonia 
(440). 

*  Although  both  of  the  oxides  of  arsenic  (ASO3  and  ASO5)  have  acid  pro- 

Eerties,  their  are  best  included  here  among  the  bases,  on  account  of  their 
ehaviour  mth  hydrosulphuric  acid. 

t  When  in  the  examination  of  a  salt,  the  precipitate  with  hydrosidphuric 
acid  is  found  to  be  owing  to  the  presence  of  arsenic,  we  must  still  seek  for 
the  base  by  fm-ther  eicperiments,  since  both  the  oxides  of  arsenic  are  acids. 
When  the  substance  is  soluble  in  water,  the  base  in  combination  with  the 
arsenious  or  arsenic  acid  wUl  probably  be  foimd  to  be  one  of  the  alkalies, 
since  the  arseuites  and  araeniates  of  all  the  other  metallic  oxides  are  inso- 
luble in  water. 

%  Muriate  of  ammonia  is  here  added  to  prevent  the  precipitation  of  any 
magnesia  that  may  be  present  (200) ;  which,  as  it  does  not  belong  to  the  thii-d 
class  of  metals,  might  cause  confusion. 
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548.  Add  now  to  the  neuteal  oe  slightly  ammo- 

NIACAL  SOLUTION,  HYDEOSULPHATE  OF  AMMONIA.     If  this 

causes  no  precipitate,  none  of  the  metals  of  the  third 
class  can  be  present,  and  the  student  may  pass  on  to  (553). 
If  a  precipitate  appears,  however,  the  base  is  thus 
shown  to  be  one  of  those  included  in  the  third  class  :  viz. 
Alumina,  oxide  of  Chromivm,  oxide  of  Zinc,  protoxide  of 
Manganese,  Protoxide  of  Iron,  Peroxide  of  Iron,  oxide  of 
Nickel,  or  oxide  of  Cobalt. 

549.  If  the  precipitate  is  black,  the  base  is 
either  protoxide  or  peroxide  of  Iro7i,  oxide  of  Nickel,  or 
oxide  of  Cobalt.  To  distinguish  between  them,  add  to  a 
fresh  portion  of  the  solution  a  little  caustic  potash. 

(a)  If  this  causes  a  dull  pale  green  precipitate, 
which  on  exposure  to  the  air  becomes  rust  coloured,* 
the  base  is  Protoxide  of  Iron  (273).    (ConfiiTa  276.) 

(b)  If  it  throws  down  a  rust  coloured  precipi- 
tate, the  base  is  probably  Peroxide  of  Iron  (281).  (Con- 
firm 282.) 

(c)  If  the  precipitate  caused  by  potash  is  pale  green, 

which  does  not  become  brown  by  exposuj-e  to  the  air,  the 
base  is  probably  Oxide  of  Nickel  (288).  (Confirm  287,  291, 
292.) 

{d)  If  the  precipitate  is  light  blue,  changmg  to  dirty 
pink  when  boiled,  the  base  is  probably  Oxide  of  Cobalt 
(295).    (Confii-m  296,  299.) 

550.  If  the  precipitate  caused  by  hydro- 
sulphate  of  ammonia  is  flesh-coloured,  be- 
coming brown  by  exposure  to  the  air,  the  base  is  pro- 
bably Protoxide  of  Manganese  (263).    (Confii-m  264,  267.) 

551  If  the  precipitate  thrown  down  by  the 
hydrosulphate  is  white,  the  base  is  either  Alumina 
or  Oxide  of  Zinc.  To  distinguish  between  them,  add 
to  a  fresh  portion  of  the  original  solution  a  little  dilute 

AMMONIA.  .  ^         1  •  1  • 

(a)  If  tHs  causes  a  white  precipitate,  which  is 
readily  soluble  in  excess  of  ammoma,  the  base  is 
Oxide  of  Zinc  (Confirm  260,  261.) 

ib)  If,  on  the  contrary,  the  white  precipitate  thrown 

men  it  is  expected  that  a  change  of  cotour  ^.^^.'^Z^'t^l^:^! 


more  completely  in 
test-tube 
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down  by  ammonia  is  insoluble  in  excess,  tlie  base  is 
Alumina  (241).    (Confirm  245.) 

552.  If  the  precipitate  caused  by  the  hydro- 
sulphate  is  g-reen,  tbe  base  is  probably  Oxide  of 
Chromium  (247).    (Confirm  248,  251,  252.) 

Carbonate  of  Soda  Test. 

553.  In  case  neither  liydrosnlplinric  acid  nor  bydro- 
STilphate  of  ammonia  produce  any  precipitate,  we  know 
that  no  metal  of  the  tliird  or  fourth  class  can  be  present, 
and  that  the  base  we  are  in  search  of  must  consequently 
belong  either  to  the  first  or  second  class. 

Add  a  slight  excess  of  caebonate  of  soda  {NaO,CO^ 

TO  A  POETIOiSr  OF  THE  OEIGIKAL  SOLUTION:  if  this  CaUSeS 

no  precipitate,  the  base  does  not  belong  to  Class  II., 
and  the  student  may  pass  on  to  (555).  If,  on  the  con- 
trary, a  white  precipitate  is  produced,  the  base 
is  one  of  those  included  in  the  second  class,  viz..  Magnesia, 
lAme,  Baryta,  or  Strontia. 

554.  To  determine  which  of  these  it  is,  add  to  a  little  of 
the  original  solution  in  a  neutral  and  concentrated  state, 
a  few  drops  of  a  solution  of  sulphate  of  soda  as  long 
as  it  causes  any  precipitate. 

{a)  If  this  causes  no  precipitate,  even  after  stand- 
ing a  few  mintites,  the  base  is  probably  Magnesia  (205), 
(confirm  206,  209;)  or  Lime  in  the  state  of  sulphate  of 
Hme  (CaCSO^)  (215).*    (Confirm  216,  217,  219.) 

(5)  If,  on  the  contrary,  a  precipitate  is  pro- 
duced, the  base  is  either  Lime,  Baryta,  or  Strontia:  to 
distinguish  between  them,  filter  the  mixture,  and  test  the 
clear  filtered  Hquid  with  oxalate  of  ammonia.  If  this 
causes  a  white  precipitate,  the  base  is  probably  Lime 
(216).    (Confirm  215,  218.) 

(c)  If  the  oxalate  causes  no  immediate  pre- 
cipitate in  the  filtered  solution,  add  to  a  little 
of  the  original  solution,  a  solution  of  sulphate  of  lime. 
If  this  causes  an  immediate  precipitate,  the  base 
18  probably  Baryta  (225).    (Confirm,  227,  228.) 

\d)  If  the  precipitate  does  not  appear  at 

*  The  sulphate  of  lime  requires  for  its  solution  500  times  its  weight  of 
water;  so  that  even  a  concentrated  solution  of  this  salt  contains  the  lune  in 
a  highly  diluted  state. 
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first,  on  tlie  addition  of  the  sulphate  of  Hme,  but 
gradually  separates  after  some  little  time,  tlie  base 
is  probably  Strontia  (233).    (Confimi  236.) 

555.  If  neither  bydrosnlpburic  acid,  kydrosulphate  of 
ammonia,  nor  carbonate  of  soda  produce  any  precipitate, 
tke  base  is  one  of  the  first  class,  viz..  Potash,  Soda,  or 
Ammonia.    To  ascertain  -wliicli  of  these  it  is, 

(a)  Add  to  a  portion  of  the  dry  salt,  or  of  the  concen- 
trated solution,  in  a  test-tube,  a  httle  caustic  potash 
(KO),  and  boil:  if  the  smell  of  ammonia  is  per- 
ceptible, and  if  the  vapoiu-  produces  dense  white  fumes 
when  a  rod,  moistened  with  hydrochloric  acid,  is  held  near 
the  mouth  of  the  tiibe,  the  base  is  Am/inonia  (195).  (Con- 
firm 192,  194.) 

ih)  If  it  is  not  ammonia,  add  a  little  bichloeide  or 
PLATINUM  to  the  concentrated  solution;  if  this  cau.ses  a 
yellow  crystalline  precipitate,  either  immediately 
or  after  standing  a  short  time,  the  base  is  Potash  (185). 
(Confirm  186,  187.) 

(c)  If  no  precipitate  appears,  and  if  the  solution 
from  the  last  experiment,  on  evaporating  spontaneously, 
deposits  yellow  needle-shaped  crystals,  which 
are  readily  soluble  in  water,  the  base  is  Soda  (188).  (Con- 
firm 189,  190.) 

SECTION  II. 

Examination  for  the  Acid*  « 

556.  Having  ascertamed  the  base  of  the  salt  under 
exammation,  we  next  proceed  to  discover  the  acid  ^th 
which  it  is  combined;  and  here  we  wiQ,  as  before,  tor  the 
sake  of  smiphcity,  leave  out  of  sight  afi  the  rarer  ones,  and 
confine  ourselves  to  those  inorganic  acids  which  ai-e  most 
commonly  met  vrith  in  analysis,  viz., 

Hydrochloric  (HCl). 
Hydriodic  (HI). 
Hydrosulphui'ic  (HS). 


Sulphuric  {SO,SO^). 
Phosphoric  (POJ. 
Boracic  (BO3). 
Carbonic  (COj)- 
SiHcic  (SiOg). 

bilities  in  the  Appendix). 


Niti-ic  {RO,NO-X 

Chloric  {s:o,cio,). 
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557.  A  portion  of  the  original  solution,  wliicli  for  this 
purpose  should  be  tolerably  concentrated,  is  first  treated 
with  DILUTE  suLPHUEic  ACID.  If  no  apparent 
chang-e  takes  place,  or  if  merely  a  precipitate  is 
produced,  the  student  may  pass  on  to  (558) ;  but  if 
effervescence  ensues,  the  acid  is  probably  either 
Carbonic,  or  Hydrosulplmric. 

(a)  If  the  gas  evolved  is  inodorous,  the  acid  is  pro- 
bably Carbonic  (419).    (Confii'm  420,  421.) 

{h)  If  the  gas  has  a  smell  resembling-  that  of 
rotten  eg-g-s,  the  acid  is  Hyd/rosulplmric ;  or  Sulpliibr 
combined  with  a  metal  (438).    (Confirm  439,  443.) 

(c)  If  the  dilute  sulphui-ic  acid  gives  a  pale  yellow 
or  brown  colour  to  the  solution,  the  acid  is  probably 
Hyclriodic,  in  which  case  iodine  is  set  free,  and  being 
sHghtly  soluble,  colours  the  liquid  (437).  (Confirm  434, 
435,  436.)    (See  also  559  b.) 

558.  If  no  effervescence  is  produced  by  the  dilute 
sulphiu-ic  acid,  a  portion  of  the  original  neutral  solution  is 
tested  with  chloride  of  baeium  {BaCl);  if  this  produces 
no  precipitate,  the  student  may  pass  on  to^(559);  but 
if  a  precipitate  appears,  the  acid  is  probably  either 
Sulphuric,  Fhos'plioric,  Boracic,  or  Silicic,*  since  baryta 
forms  with  each  of  them  an  insoluble  salt. 

Should  any  base  have  been  foimd  to  be  present,  which 
forms  an  insoluble  or  sparingly  soluble  chloride,  such  as 
lead,  silver,  &c.  (see  Table  IX,  in  the  Appendix),  a  preci- 
pitate would  here  be  formed  by  the  chlorine  of  the  chloride 
of  barium.  In  such  cases,  a  solution  of  nitrate  of  baryta 
may  be  substituted  for  the  chloride. 

{a)  To  distinguish  between  the  acids  above  enumerated, 
add  a  little  strong  htdeochloeic  acid  to  the  mid^ure  with 
the  precipitate ;  if  the  latter  does  not  dissolve,  the 
acid  is  probably  Sulphuric,  because  the  sulphate  of  baryta 
is  insoluble ;  while  the  phosphate,  borate,  and  recently 
precipitated  silicate  of  baryta,  are  soluble  in  hydrochloric 
acid  (403).    (Confirm  404,  405.) 

If,  on  the  contrary,  the  precipitate  dissolves  in 
the  hydrochloric  acid,  the  acid  is  either  Phosphoric,  Boracic, 
or  Silicic, 

•  iliaemons  or  arsenic  acid,  if  present,  would  also  cause  a  precipitate  with 
chloncle  oi  barium;  but  its  presence  wiL  have  been  abeady  ascertained 
during  the  examination  for  the  base  of  the  salt  (o4A) . 
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(6)  Evaporate  a  little  of  the  oeiginal  solution  to 
DEYNESS  WITH  HYDEOCHLOEic  ACID ;  treat  tlie  residue 
again  with  more  of  the  acid ;  wash  the  insoluble  matter 
(u  any)  with  water,  and  examine  it  before  the  blowpipe 
with  carbonate  of  soda;  if  a  transparent  colourless 
bead  is  obtained  in  this  way,  the  acid  is  probably  Silicic 
(427).    (Confirm  424.) 

(c)  If  it  is  not  silicic,  add  a  little  niteate  of  silvee  to 
a  portion  of  the  original  solution ;  if  this  gives  a  pale 
yellow  precipitate,  the  acid  is  probably  Phosphoric 
(410).    (Confii-m  409,  412.) 

{d)  If  the  precipitate  thus  produced  is  white, 
and  soluble  in  nitric  acid  and  in  ammonia,  it  is  probably 
Boracic  (416).    (Confirm  417,  418.) 

559.  If  chloride  of  barium  causes  no  precipitate,  a 
portion  of  the  original  solution  must  be  treated  with 
NITEATE  OF  SILVEE  {AgO,NO^:  if  this  causes  no  pre- 
cipitate, pass  on  to  (560) ;  but  if  a  precipitate  is 
produced,  the  acid  is  probably  either  Hydrochloric  or 
Hydriodic. 

[a)  If  the  precipitate  is  white  and  curdy, 

insoluble  in  nitric  acid,  but  readily  soluble  iu  ammonia,  the 
acid  is  Hydrochloric  (429).    (Confirm  431.) 

(&)  If  the  precipitate   has  a  pale  straw 

colour,  and  is  almost  iusoluble  in  ammonia,  the  acid  is 
probably -Eyc^Hoiic  (433).    (Confirm  435,  436.) 

560.  If  neither  chloride  of  barium  nor  nitrate  of  silver 
give  any  precipitate,  the  acid  is  probably  Nitric  or  Chloric. 

{a)  Waem  a  little  of  the  concenteated  solution 

WITH  STEONG  SULPHUEIC  ACID  AND  COPPER  FILINGS  ;  if 

orang-e  fumes  are  given  off,  the  acid  is  probably 
Nihnc  (448).    (Confirm  449,  450.) 

(h)  If  the  acid  is  not  nitric,  test  a  small  quantity  of 
THE  SOLUTION  FOE  cHLOEic  ACID,  in  the  manner  described 
in  paragi-aphs  (454,  455)  and  confirm  (457). 
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CHAPTEE  III. 

QUALITATIVE  ANALYSIS  OF  A  SIMPLE  SALT,  COKTAINING 
ONE  BASE  AND  ONE  ACID  (OE  A  SIMPLE  METAL),  WHICH 
IS  INSOLUBLE  OE  NEAELT  SO  IN  WATEE,  BUT  SOLUBLE 
EITHEE  IN  HYDEOCHLOEIC,  NITEIC,  OE  NITEOHYDBO- 
CHLOEIC  ACID  (530  ET  SEQ.) 

SECTION  I. 
Examination  for  Base. 

561.  In  dissolving  a  substance  in  acid  for  the  pui'pose  of 
analysis,  it  is  advisable  to  avoid  usiag  a  large  excess  of 
the  solvent,  since  it  might  afterwards  interfere  with  the 
action  of  some  of  the  reagents ;  when  a  large  excess  has 
inadvertently  been  used,  it  is  consequently  necessary  to  get 
rid  of  most  of  it  by  evaporation,  taking  care  of  course  that 
sufficient  acid  is  left  to  retain  the  substance  in  solution. 
Most  of  the  substances  which  are  insoluble  in  water  and 
soluble  in  acids,  owe  this  solubility  to  theu*  conversion 
into  compounds  which  are  soluble  in  water ;  as  when  zinc 
or  marble  is  dissolved  in  dilute  hydrochloric  acid,  the 
metallic  chloride  which  is  formed  (ZnCl,  or  CaCl),  is  so- 
luble in  water,  and  consequently  requires  no  excess  of  acid 
to  retain  it  in  solution.  In  some  cases,  however,  when  the 
acid  acts  merely  as  a  solvent  towards  the  substance,  with- 
out causing  decomposition,  it  is  necessary  to  have  an  excess 
of  acid,  to  retain  it  in  solution.  This  is  the  case  with  the 
phosphates  of  the  alkaline  earths,  and  some  other  salts, 
which  would  not  dissolve  again  if  the  whole  of  the  acid 
used  to  dissolve  them  were  to  be  expeUed. 

562.  When  nitric  acid  has  been  employed,  either  alone 
or  in  conjunction  with  hydrochloric  acid,  it  is  advisable 
to  expel  it,  and  convert  the  nitrates  into  chlorides  by  add- 
ing an  excess  of  hydrochloric  acid,  filtering  if  necessary 
(as  when  silver,  lead,  or  mercury  are  present  (540)), 
evaporatmg  the  solution  nearly  to  dryness,  and  adding 
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water  or  dilute  hydrocliloric  acid.  The  reason  why  it  is 
advisable  to  get  rid  of  the  nitric  acid  is,  that  it  oxidizes 
and  decomposes  hydrosulphnric  acid,  wliich  has  to  be 
applied  as  a  test,  and  thus  prevents  that  reagent  playing 
its  proper  part  in  the  process. 

Syd/rosulphuric  Acid  Test. 

563.  Dilute  the  acid  solution  with  thi-ee  or  four  times 
its  bulk  of  water,*  and  test  a  portion  of  it  with  hydeo- 
STTLPHrnic  ACID  ;  if  this  causes  no  precipitate,  pass 
on  to  (564) ;  but  if  a  precipitate  is  produced,  refer 
back  to  (540  to  546),  as  this  part  of  the  esamiuation  is 
conducted  in  the  same  way  as  when  the  substance  is  soluble 
in  water. 

Sydrosulfliate  of  Ammonia  Test. 

564.  If  hydrosulphuric  acid  gives  no  precipitate,  the 
base  cannot  belong  to  the  fourth  class.  A  portion  of  the 
solution  should  next  be  neutealised  with  ammonia  if  it 
contains  an  excess  of  acid,  or  if  neutral,  a  httle  mueiate 
OE  AMMONIA  should  be  added  (547),  and  subsequently 
treated  with  hydeosulphate  of  ammonia. 

If  this  causes  no  precipitate,  pass  on  to  (570) ;  but 
if  a  precipitate  is  thrown  down,  the  base  is  pro- 
bably one  of  those  belonging  to  Class  III. ;  or  else  the 
precipitate  may  consist  of  the  Phosphate  of  one  of  the 
Alkaline  Earths,  which,  in  that  case,  would  have  been  dis- 
solved by  the  acid,  and  reprecipitated  unchanged  when 
the  acid  was  neutralised  by  the  ammonia  and  hydi-osul- 
phate  of  ammonia. 

565.  If  the  precipitate  caused  by  the  hydro- 
sulphate  is  black,  the  base  is  probably  protoxide 
or  peroxide  of  Iron,  oxide  of  Nickel,  or  oxide  of  Cobalt. 
To  distinguish  between  them,  apply  the  tests  mentioned  in 
(549). 

566.  If  the  precipitate  thrown  down  by  the 
hydrosulphate  is  flesh-coloured,  becoming  brown 
by  exposm-e  to  the  au\  the  base  is  i^robably  protoxide  of 
Manganese  {2m).    (Con&m  264,  267.) 

567.  If  the  precipitate  is  g-reen,  the  base  is 

*  If  a  white  precipitate  is  formed  on  dUutiug  the  ncid  solution,  it  is  pro- 
bable that  either  antimony,  bismuth,  or  tm  is  present  (332,  39-1,  380). 
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probably  Oxide  of  Chromium  (247).  (Confirm  248,  251, 
252.) 

568.  If  the  precipitate  is  white,  tbe  base  is 
either  Alumina  or  Oxide  of  Zinc;  or  else  the  precipitate 
consists  of  the  phosphate  (or  ammoniophosphate)  of  Mag- 
nesia, Lime,  Baryta,  or  Strontia  (564).* 

To  a  portion  of  the  original  solution,  add.  potash  ia  ex- 
cess; if  the  precipitate  at  first  formed  redis- 
solves,  the  base  is  either  Alumina  or  Oxide  of  Zinc,  which 
may  be  distinguished  from  each  other  in  the  manner 
described  in  (551). 

569.  If  the  precipitate  thrown  down  by- 
potash  is  insoluble  in  excess,  it  consists  pro- 
bably of  an  Earthy  Phosphate,  the  base  being  consequently 
Magnesia,  Lime,  Baryta,  or  Strontia.  In  such  a  case,  it  is 
advisable,  before  proceeding  to  ascertain  which  of  these  is 
the  base  present,  to  separate  the  phosphoric  acid  from  it. 
This  is  done  by  adding  perchloride  of  iron  {Fe^  Cl^)  to  the 
acid  solution,  and  subsequently  ammonia  in  slight  excess ; 
when  the  whole  of  the  phosphoric  acid  is  precipitated  as 
perphosphate  of  iron,  (2re203,3HO,3POg),  and  any  excess 
of  perchloride  of  iron  is  at  the  same  time  precipitated  by 
the  ammonia  as  hydrated  peroxide;  leaving  in  solution  a 
chloride  of  magnesium,  calcium,  barium,  or  strontium, 
together  with  muriate  of  ammonia.  The  solution  thus 
obtained,  and  filtered  from  the  precipitate  of  iron,  may 
now  be  tested  with  carbonate  of  soda,  and  further  exa- 
mined according  to  the  directions  given  in  (554). 


Carbonate  of  Soda  Test. 

570.  If  hydrosulphate  of  ammonia  causes  no  precipitate, 
a  portion  of  the  original,  solution  is  to  be  tested  for  the 
alkaline  earths  by  supersaturating  with  caebonate  op 
SODA  (553,  &c). 

571.  With  regard  to  the  Alkalies,  it  is  hardly  necessary 
to  allude  to  them  here,  as  the  compounds  which  they  form 
with  all  the  acids  in  our  list  (with  the  exception  of  silicic) 
are  soluble  in  water.    In  the  case  of  an  insoluble  alkaliiie 

*  ,^,°°??  ^^^^^  of  t'le  alkaline  earths,  as  the  oxalates  and  borates 

would,  if  present,  be  tlu-own  down  when  the  solution  is  neutralized  •  beine' 
Uke  the  phosphates,  soluble  only  in  acid  solutions.  Tor  the  sake  of  simpE- 
eity,  however,  the  consideration  of  such  compounds  is  here  omitted. 
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silicate,  it  is  only  necessary  to  evaporate  a  little  of  tlie 
acid  solution  of  it  to  dryness,  and  treat  the  residue  -with. 
water.  The  silicic  acid  will  then  be  left  insoluble  (425), 
and  the  aqueous  solution  of  the  alkaline  chloride  may  be 
tested  for  Potash  and  Soda  in  the  manner  described  in 
paragraph  (555). 


SECTION  II. 


Examination  for  the  Acid. 

572.  If  the  acid  is  Arsenious  or  Arsenic,  it  wiU  have  been 
detected  in  the  course  of  the  examination  for  base  (563). 
It  is  unnecessary  to  look  for  chloric  acid,  since  aU  its  salts 
are  soluble  in  water,  and  consequently  cannot  be  met  with 
here. 

573.  A  small  portion  of  the  substance  in  the  solid  state 
is  first  treated  with  hydeochloeic  acid  ;  if  this  causes 
effervescence,  the  acid  is  probably  Carbonic  (419); 
(confirm  420;)  or  if  the  gas  which  is  given  off  has  the 
smell  of  hydrosulphuric  acid,  the  substance 
under  examination  is  probably  a  metallic  Sulphide  (438). 
(Confirm  439,  444.) 

574.  If  the  substance  is  not  acted  on  by  the  hydrochloric 

acid,  TEEAT  A  LITTLE    OF  XT    WITH  NITEIC  ACID,  and  if 

necessary,  boil  it. 

{a)  If  this  causes  effervescence,  orange  fumes  of 
nitrous  acid  being  given  off,  and  sulphur  at  the  same  time 
deposited,  the  substance  is  probably  a  metallic  Sulphide 
(439).    (Confirm  444.) 

(b)  If  the  substance  dissolves  m  nitric  acid 
without  effervescence,  add  niteate  of  silvee  to 
the  acid  solution;  a  white  curdy  precipitate,  so- 
luble in  ammonia,  mdicates  Hydrochloric  acid,  the  origmal 
substance  bemg  in  that  case  a  Chloride  (429).  (Confirm 

^^575.  Treat  a  little  of  the  substance  in  the  solid  state 
with  STEONG  STTLPHiiEic  ACID,  and  apply  heat. 

(a)  If  this  causes  the  disengagement  of  violet  vapour 
of  iodine,  the  substance  imder  exammation  is  an  Iodide 

*'^(6)'  Add  a  Httle  alcohol  to  the  acid  mixture,  which  for 
this  experiment  should  not  contain  more  than  a  few  drops 
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of  sulpliuric  acid,  and  apply  a  light  to  it  ia  a  small  eva- 
porating dish,  placing  it  in  a  dark  corner,  so  as  to  distin- 
guish, the  colour  of  the  flame  more  readily.  If  the  flame 
is  green  at  the  edges,  the  acid  is  probably  Boracic  (418). 
(Confii-m  417.) 

((?)  Evaporate  to  dryness  a  little  of  the  substance  after 
boiling  with  sulphuric  acid,  and  digest  the  residue  in  hot 
HTDEocHLOEic  ACID  ;  if  this  leaves  a  white  insoluble 
powder,  which  when  washed,  and  heated  before  the  blow- 
pipe with  carbonate  of  soda,  fuses  into  a  colourless  trans- 
parent bead,  the  acid  is  Silicic  (425,  427). 

{d)  Dilute  the  hydrochloric  acid  solution  formed  in  (c) 
with  water,  and  add  a  solution  of  chloeide  of  barium  ; 
if  this  causes  a  white  precipitate,  which  is  insoluble 
in  nitric  acid,  the  acid  is  probably  Sulphuric  (403).  (Con- 
firm 405,  406.) 

576.  In  testing  for  Phosphoric  Acid,  one  of  the  two  fol- 
lowing methods  may  be  adopted,  according  as  the  base  of 
the  salt  has  been  found  to  belong  to  the  second,  third,  or 
fourth  class  (179). 

(a)  If  the  base  is  one  of  those  in  Class  IV.,  the  diluted 
acid  solution  of  the  substance,  containing  only  a  slight 
excess  of  acid,  is  saturated  with  htdeosulphueic  acid 
(701) ;  this  precipitates  the  metal,  and  sets  free  the  phos- 
phoric acid  (if  present),  which  remains  dissolved  in  the 
solution. 

3CtiO,POg+3HS=3CuS-f3^0,PO.. 

The  Hquid  should  now  be  filtered  from  the  precipitated 
sulphide,  concentrated  by  evaporation,  supersaturated  with 
AMMONIA,  and  tested  with  sulphate  of  magnesia  ;  if  a 
white  crystalline  precipitate  is  gradually  produced,  which 
IS  msoluble  in  muriate  of  ammonia,  the  acid  is  probablv 
Phosphoric  (409).    (Confirm  410,  412.) 

(5)  If  the  base  has  been  found  to  belong  to  Class  II  or 
III  PEECHLOEiDE  OF  lEON  {Fe.Cl^)  is  added  to  a  portion 
ot  the  solution  of  the  substance  in  hydrochloric  acid,  and 
subsequently  ammonia  in  shght  excess ;  the  phosphoric 
acid,  li  present,  is  precipitated  m  combination  with  the 
iron  as  pei-phosphate  of  iron,  together  with  a  Httle  hv- 
drated  peroxide  of  iron,  if  the  perchloride  has  been  added 
m  excess  The  precipitate  thus  formed,  containing  the 
whole  of  the  phosphoric  acid  (if  sufficient  perchloride  of 
iron  has  been  added),  is  now  weU  washed  with  distilled 

H 
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water,  and  digested  witli  tlie  aid  of  heat  in  hydrosulpliate 
of  ammonia,  by  wliicli  it  is  decomposed,  sulphide  of  iron 
and  phosphate  of  ammonia  being  formed  (413) ;  the  latter 
being  soluble,  may  be  separated  from  the  sulphide  by  filtra- 
tion, and  tested  for  Phosphoric  Acid  with  sulphate  of 
MAGNESIA  (409).    (Confirm  410,  412.) 

577.  If  the  acid  is  found  to  be  none  of  those  now  referred 
to,  it  may  be  nitric,  a  few  of  the  subnitrates  being  insoluble 
in  water  and  soluble  in  acids.  To  determine  this,  a  httle 
of  the  substance  in  a  tube  is  tested  with  sulphuric  acid 
AND  COPPER  FILINGS,  when  the  appearance  of  orang-e 
fumes  win  indicate  the  presence  of  Nitric  Acid  (448). 
(Confirm  449,  450.) 


CHAPTEE  IV. 

QUALITAirVB  ANALYSIS  OF  A  SIMPLE  SALT,  CONTAINING  ONE 
BASE  AND  ONE  ACID,  WHICH  IS  INSOLUBLE  OR  NEARLY  SO 
IN  WATER,  HYDROCHLORIC,  NITRIC,  AND  NITBOHYDRO- 
CHLOBIC  ACIDS  (532). 

578.  If  the  salt  under  examination  has  been  found  in- 
soluble in  the  above  solvents,  it  is  probably  one  of  the 
foUowing  substances,  viz.,  a  Silicate  of  one  of  the  metals 
belonging  to  Class  II.,  III.,  or  IV.;  Sulphate  of  Lmie 
(CaO,S03);  Sulphate  of  Baryta  (BaaSOg) ;  -Szt?|^a^6 
IfStrontia  (SrCSOa) ;  Sulphate  of  Lead  {-£hO  fO^  , 
Chloride  of  Leadi^hCl),  or  Chloride  of  Silver  {KgCl). 
Some  of  these  compounds  are  not  altogether  insoluble  either 
in  water  or  acids,  as  the  sulphate  of  lune  and  chloride  of 
lead ;  but  since  they  are  only  very  sparmgly  so,  it  is  possible 
thev  may  be  placed  under  this  head  by  the  expermienter. 

579  A  small  fragment  of  the  substance  is  moistened 
with  HYDROSULPHATE  OF  AMMONIA:  if  it  remains 
white,  pass  on  to  (580) :  but  if  it  blackens,  itisprobably 
ZLv  Sulphate  of  Lead,  Chloride  of  Lead,  or  CMonde  of 
Silver  i  httle  of  the  substance  m  fine  powder  should 
L  this'  case  be  digested  for  a  few  houi-s  m  hydrosulphate 
OF  ammonia,  wliich  v^r^  gi-aduaUy  decompose  it,  the  metal 
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Combiniiig  with,  the  sulphur  to  form  au  insoluble  sulphide, 
whUe  the  acid  imites  with  the  ammonia  of  the  hydrosul- 
phate,  to  form  a  soluble  salt  of  ammonia.  Thus,  ia  the  case 
of  sulphate  of  lead,  2(PbO,S03)+iV"^4<S',^fc2PbS+ 
Nir,0,SOs+SO,SO^. 

(a)  After  filtration,  the  precipitated  sulphide  is  dissolved 
in  NiTEic  ACID,  and  the  solution  thus  obtaiaed  may  be 
tested  for  Lead  with  sulphuric  acid  (361),  and  for  Silver 

with  HYDEOCHLOEIC  ACID  (377). 

(b)  The  solution  filtered  from  the  sulphide  is  next  ex- 
amined for  Sulphuric  Acid  with  chloeide  of  baeium 
(403),  and  for  Sydrochloric  Acid  {Chlorine)  with  niteate 
OF  silvee  (429),  confirmatory  experiments  being  made 
in  each  case. 

580.  If  the  substance  remains  white  ivhen  moist- 
ened with  hydrosulphate  of  ammonia,  it  is  pro- 
bably either  &  Silicate,  or  the  Sulphate  of  one  of  the  alka- 
line earths.  Lime,  Baryta,  or  Strontia.  A  portion  of  the 
substance  (about  twenty  to  thirty  grains)  is  reduced  to  fine 
powder,  and  intimately  mixed  with  four  or  five  times  its 
weight  of  dry  carbonate  of  soda.  The  mixture  is  placed  in 
a  platinum  (or  porcelain)  crucible,*  and  heated  to  redness, 
either  in  a  furnace  or  over  a  lamp,  for  about  an  hour  (648)! 
The  fused  mass,  when  cool,  is  digested  in  dilute  hydro- 
chloric acid  until  it  is  for  the  most  part  dissolved,  and 
a  little  of  the  solution  is  tested  for  Sulphwric  Acid  with 

CHLOEIDE  OF  BAEIUM  (403). 

(«)  If  this  indicates  the  presence  of  sul- 
phuric acid,  the  substance  is  probably  the  Sulphate  of 
Lime,  Baryta,  or  Strontia,  and  the  acid  solution  may  be 
neutrali2;ed  with  ammonia,  and  examined  for  those  bases 
according  to  the  directions  given  in  (554). 
•  sulphuric  acid  is  present,  the  substance 

is  probably  a  Sihcate.  In  this  case  the  hydrochloric  acid 
solution,  together  with  any  portion  that  may  have  resisted 
solution,  18  evaporated  to  cbyness,  and  tbe  residue  treated 

,-n  "scessary  in  using  a  platinum  crucible,  that  nothins  ia  heated 

m  It  which  IS  hkely  to  corrode  it.    Compounds  of  the  easily  reduced  and 

S,^rT,'^''.''n-*"'','?'*r°°^'  substances  contaiiSSg 

sulphur  as  metaUic  sulphides,  caustic  alkalies,  nitrohydrochloric  acid,  bSf 
many  o  her  substances,  are  all  more  or  less  injurious.    When  a  platSum  cru 
cible  13  heated  m  a  furnace  or  open  iire,  it  must  be  placed  "        P^^^^^m  cru- 
crucible  to  protect  it  from  injury ;  a  Httle  pouude  J  magn 
nosed  between  tnpm  tr,  n — .•__t;_i5__i  " 


in  a  coTered  earthen 


posed  between  th^.?o7re;i-^^^^^^ 
tare  the  surface  of  the  earthenware  is  Uable  to  fuse  (6-18)         ^  tempera- 
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witli  liydrocKLoric  acid,  and  subsequently  witli  water ;  if  a 
white  insoluble  powder  remains,  wliicli  fuses  with 
carbonate  of  soda  before  the  blowpipe,  into  a  clear  colour- 
less bead.  Silicic  Acid  is  present  (425,  427). 

The  solution  obtained  in  (J),  by  treatmg  the  dry  resid.ue 
with  hydrochloric  acid  and  water,  contains  the  base  with 
which  the  silicic  acid  was  combined;  and  may  be  ex- 
amined according  to  the  directions  given  m  paragraphs 
563  et  seq. 


CHAPTEE  V. 

QUALITATIVE  ANALYSIS  OP  A  MIXTURE  OF  TWO  OE  MOEE 
SALTS  WHICH  MAY  CONTAIN  ALL  THE  BASES  AND  ACIDS 
IN  THE  LIST  (179). 

Introductory  BemarTcs. 

581  Unless  we  have  reason  to  know  that  a  substance 
mtended  for  analysis  contains  only  one  base  and  one  acid 
Sis  necessary  to\ssunie  that  it  may  contain  ^y  oj  aH 
of  the  more  common  sahne  compounds.  S^ich  an  ai^a^ysis 
S  of  course  considerably  more  comphcated  than  that  of 
?  single^alt;  and  consequently  the  necessity  of  havmg  a 
weTdevised  scheme  of  experiments  is  here  even  greater 
than  ^  the  former  case,  when  only  one  base  and  acid 

taXfealing  with  such  ^^^^^^^^^^ 
separate  tl^e  of  the^^^^^^^^ 

k!:l?tWi« now  only 
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contain  any  metals  of  the  first  and  second  class  tliat  may 
be  present,  which,  may  readily  be  distinguished  by  a  few 
simple  tests. 

582.  The  student  must  be  careful  when  making  these 
experiments,  that  he  adds  suiBcient  of  the  various  re- 
agents, to  throw  down  the  whole  of  the  metals  affected 
by  them,  since  any  traces  of  the  metals  belonging  to  a 
class  supposed  to  have  been  entirely  removed  from  the 
solution,  wovdd  materially  interfere  with  the  indications 
afforded  by  the  subsequent  tests.  For  example,  in  the 
analysis  of  a  mixture  of  a  salt  of  lead  and  a  salt  of  hme, 
if  sufficient  hydrosulphuric  acid  were  not  passed  through 
the  solution  to  separate  the  whole  of  the  lead,  a  black 
precipitate  of  sulphide  of  lead  would  be  formed  on  the 
addition  of  hydi'osulphate  of  ammonia  to  the  filtered  liquid, 
indicating  the  presence  of  one  or  more  metals  of  the  third 
class,  none  of  which  are  really  present.  On  the  other 
hand,  the  addition  of  a  large  excess  of  any  of  the  reagents 
is  also  to  be  avoided,  as  being  not  only  useless  and  waste- 
ftd,  but  in  many  cases  mischievous. 

Both  these  errors  may  be  avoided  by  adding  the  reagents 
in  small  successive  portions;  and  when  the  experimenter 
has  reason  to  think  that  he  has  added  sufficient,  let  him 
filter  a  few  drops  of  the  mixture,  and  apply  to  the  solution 
a  little  more  of  the  reagent :  if  this  produces  no  further  pre- 
cipitate, he  may  conclude  that  enough  has  been  added. 
_  583.  When  a  class  of  metals  has  been  precipitated  by 
either  of  the  general  reagents  mentioned  in  (581),  it  is 
ways  advisable,  before  proceeding  to  apply  any  of  the 
subsequent  tests  to  the  filtered  solution,  to  ascertain  whe- 
ther it  contains  any  other  fixed  bases  ;  as  if  it  does  not,  the 
examination  of  it  need  not  be  proceeded  with.  This  is 
readily  knowii  by  evaporating  a  drop  or  two  of  the  solu- 
tion on  platinum  foil,  and  heating  it  to  redness  ;  when, 
if  no  residue  is  left,  it  may  safely  be  concluded  that  all 
the  bases  (except  ammoma,  which  must  be  looked  for 
m  a  separate  portion  (602) )  have  been  already  separated. 
In  the  course  of  an  analysis,  especially  of  a  complicated 
substance,  it  is  often  necessary  to  have  several  solutions  in 
hand  at  the  same  time  ;  to  avoid  confusion,  each  of  these 
should  be  labelled  with  a  bit  of  gummed  paper,  with  a 
letter  or  mark  upon  it,  referring  to  a  corresponding  letter 
m  the  note  book  (7).  ^  o 

584.  As  one  portion  of  the  substance  to  be  analyzed  has 
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to  be  carried  tkrougli  several  operations,  it  is  advisable 
tbat  tlie  quantity  operated  on  should  not  be  very  small. 
Wben  tbe  substance  is  a  solid,  twenty  or  thirty  grains 
may  be  used;  and  when  in  solution,  an  ounce  or  two 
(accordiag  to  tbe  degree  of  concentration)  will  be  foimd 
a  convenient  quantity. 


CHAPTEE  VI. 

QUALITATIVE  ANALYSIS  OF  A  MIXTTJEE  OP  SALTS  WHICH 
MAY  CONTAIN  ALL  THE  BASES  AND  INOEGANIC  ACIDS  IN 
THE  LIST  (179),  AND  WHICH  IS  EEADILY  SOLUBLE  IN 
WATEB  (529).* 

SECTION  I. 
Examination  for  Bases. 

585.  Tbe  solution  is  first  rendered  sbgbtly  acid  by  the 
addition  of  a  few  drops  of  hydeochloeic  acid:  if  this 
causes  no  precipitate,  pass  on  to  (586) ;  but  if  a 
-white  precipitate  is  produced,  it  is  owing  to  the 
presence  of  Silver,  Lead,  or  Protoxide  of  Mercury.  In 
this  case,  add  hydeochloeic  acid  as  long  as  it  causes  aiiy 
precipitate ;  filter  the  Hquid,  and  wash  the  uisoluble  chloride. 

Place  a  small  portion  of  the  moist  precipitate  m  a  test- 
tube,  and  treat  it  with  ammonia. 

(a)  If  tbe  precipitate  dissolves  completely, 
it  consists  wholly  of  chloride  of  silver,  provmg  of  course 
tbe  presence  of  Silver  ia  the  substance  under  exammation 
(377).    (Confirm  374,  378.) 

(b)  If  the  precipitate  is  blackened,  and  not 
wboUy  dissolved,  by  the  ammonia,  it  probably  contains 
protocHoride  of  Mermry  (338).    (Confirm  336,  344..) 

bases  and  acids  in  the  'j^*'  ^^^^'V^huric  acid,  oxide  of  silver  and  hydro- 
^Crio  acld  To  It  s  SeVently^neoessar^  having  deterniined  the 
chlono  '''=i'l'.^''-^/V;  V  goJuble  in  water,  to  look  for  any  acids  which  form 
SSm^Xfa^e^^slble  (See  Tabic  of  SolubilitieJin  the  Appendix). 
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(c)  If  it  appears  to  be  unaffected  by  the  am- 
monia, it  is  chloride  of  Lead  (362).  (Confirm  361,  363, 
866.) 

(d)  If  it  does  not  wholly  dissolve  {b  and  c),  pass 
the  ammoniacal  mixture  through  a  filter,  and  neutralize 
the  solution  with  niteic  acid  :  if  Silver,  in  addition  to  lead 
or  mercury,  is  present,  it  will  be  reprecipitated  as  chloride 
(377).    (Confirm  374,  378.) 

Syd/rosulphv/ric  Add  Test. 

586.  The  solution,  acidified  with  hydrochloric  acid,  and 
filtered  if  necessary  from  the  precipitate,  is  now  treated 
with  HYDEOStTLPHtJEic  ACID  gas,  which  must  be  passed 
through  it  untO.,  after  removing  the  delivering  tube,  and 
blowing  the  air  from  the  surface  of  the  solution,  the  latter 
smells  distinctly  of  the  gas.  If  no  precipitate  is 
produced,  even  on  boUmg  the  mixture,  pass  on  to  (593); 
but  if,  on  the  contrary,  a  precipitate  falls,  one  or 
more  of  the  metals  of  the  fourth  class  are  present :  if  this 
is  the  case,  the  precipitate  must  be  separated  irom  the  so- 
lution by  filtration,  and  washed  with  distilled  water,  until 
a  drop  of  the  washiags  leaves  no  fixed  residue  when 
evaporated  on  platinum  foil,  the  filtered  solution  being 
carefuUy  reserved  for  further  examination  (593).* 

587.  If  the  precipitate  produced  by  hydrosul- 
phuric  acid  is  yellow,  it  may  be  owing  to  the  presence 
of  Arsenic  (307),  or  Peroxide  of  Tin  (388).  In  this  case  it 
is  advisable  fii-st  to  dry  a  little  of  the  precipitate,  and  test 
it  for  arsenic  with  black  flux  (303).  If  arsenic  is  thus 
found  to  be  present,  we  may  at  once  conclude  that  no  bases, 
with  the  exception  of  the  alkalies,  can  be  present,  because 
the  compounds  of  arsenious  and  arsenic  acid,  with  all  the 
other  bases,  are  more  or  less  insoluble  in  water,  and  con- 
sequently cannot  exist  in  an  aqueous  solution,  like  that 
now  under  consideration.  When  therefore  arsenic  is  found, 
the  student  may  at  once  pass  on  to  (601) ;  and  having  con- 
centrated the  solution,  and  divided  it  into  three  portions, 
proceed  to  examine  it  for  potash,  soda,  and  ammonia. 

588.  When  arsenic  is  not  present,  or  when  the  pre- 

•  In  quaUtative  analysis,  the  first  portions  only  of  the  washings  need  be  re 
tamed  (unless  we  possess  only  a  smaU  quantity  of  the  substance),  as  the  rest 
would  only  uselessly  dilute  our  solution;  but  in  quantitative  analysS  it  is 
necessarv  to  retain  the  whole  of  them,  as  their  rejection  would  occasion  a 
senous  deficiency  m  the  weight  of  the  substance  under  examination 


168 


QUALITATIVE  ANALYSIS 


cipitate  caused  by  hydrosulphuric  acid  is  any 
other  colour  than  yellow,  it  must,  after  being  well 
washed  (586),  be  separated  from  tlie  filter,  and  digested, 
with,  the  aid  of  a  gentle  heat,  for  about  a  quarter  of  an  hour, 
in  a  small  basiii,  with  hydrosulphate  of  ammonia.  If 
the  siilphides  of  Antimony  or  of  Tin  are  present,  they  will 
dissolve  in  the  hydrosulphate,  forming  soluble  double  sul- 
phides, while  the  sulphides  of  the  other  metals  of  the  fourth 
class  that  may  be  present,  will  remaiu  imdissolved.* 

If  the  sulphides,  or  any  portion  of  them  remain  un- 
dissolved by  the  hydrosulphate,  the  mixture  must 
be  filtered,  and  the  insoluble  portion  well  washed ;  the 
solution  will  then  have  to  be  examined  for  Antimony  and 
Tin,  and  the  insoluble  portion  for  Lead,  Bismuth,  Copper, 
and  Mercury,  thus  : — 

589.  Dilute  the  hydrosulphate  of  ammonia  solution  with 
about  an  equal  bulk  of  water,  and  supersaturate  it  with 
ACETIC  ACID,  which  will  cause  a  precipitation  of  sulphur 
(440),  and  of  the  sulphides  of  tin  and  antimony,  if  they  are 
present  (330) .  This  precipitate  is  washed  with  water,  diTied, 
and  a  little  of  it  gently  ignited  on  platinum  foil,  to  prove 
whether  it  contains  anything  more  than  sulphui-,  in  which 
case  a  fixed  residue  is  left ;  while,  if  the  whole  vola- 
tilizes, the  examination  of  the  matter  precipitated  by  the 
acetic  acid  need  not  be  proceeded  with,  and  the  student 
may  pass  on  to  (590),  neither  tin  nor  antimony  being 
present. 

If,  on  the  other  hand,  a  residue  is  left  on  the 

platinum  foil  after  ignition,  either  Tin  or  Antimony  (or 
both)  are  present;  in  this  case  the  precipitate  may  be 
boiled  for  about  half  an  hour  in  a  test-tube  with  strong 
HYDEOCHLOEic  ACID,  and,  after  standing  for  a  short  time 
to  allow  the  undissolved  sulphur  to  subside,  the  cleaa-  solu- 
tion, which  may  contain  the  chloride  of  antimony  and 
perchloride  of  tin,t  is  poured  ofi". 

(a)  Dilute  a  portion  of  the  hydrochloric  acid  solution 
with  four  or  five  times  its  bulk  of  watee  :  if  it  becomes 

*  If  Conner  is  present,  which  may  be  readily  ascertained  by  adding  ammonia 
in  excess  to  the  original  solution  (369),  sulphide  of  potassium  must  be  subsfa- 
tuted  for  the  hydi-osulphate  of  ammoma,  because  the  latter  would  dissolve 
some  of  the  sulphide  of  copper.  /c„o\ 

t  If  the  tin  existed  as  protoxide,  and  consequently  as  protosnlphide  (SnS) 
in  the  precipitate  thi'own  down  by  hydrosulphuric  acid,  it  %vill  have  been  con- 
^erted^into  the  persulphide  fSnS,)  by  the  action  of  the  excess  of  sulphur 
usuaDy  present  in  the  hydrosulphate  of  ammoma  (3S2). 
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milky,  Antimony  is  probably  present  (332).  (Confirm 
333,334) 

(5)  Evaporate  another  portion  of  the  hydrochloric  acid 
solution  to  dryness,  mix  the  residue  with  carbonate  of  soda, 
and  heat  it  in  the  inner  flame  of  the  blowpipe ;  if  malle- 
able metallic  g-lobules  are  thus  formed,  Tin  is  pro- 
bably present  (379).    (Confirm  384,  386.) 

(c)  To  ascertain  whether  the  tin  existed  as  protoxide  or 
peroxide,  a  httle  of  the  original  solution  may  be  tested 
with  TEECHLOEiDE  OF  GOLD,  which  givcs  a  purple  pre- 
cipitate with  Protosalts  of  Tin  (386). 

590.  The  portion  of  the  sulphides  which  did  not  dissolve 
in  the  hydrosulphate  of  ammonia  (588),  must  now  be 
examined  for  Lead,  Bismuth,  Copper,  and  Mercury. 

The  precipitate  is  removed  from  the  filter,  into  a  small 
evaporating  basin,  and  boiled  with  steong  nitric  acid  for 
about  a  quarter  of  an  hour :  the  solution  is  then  diluted 
with  water,  and  if  anything  remains  undissolved,  filtered. 

591.  The  undissolved  matter  may  contain  sulphide  of 
mercury,  sulphur,  and  sulphate  of  lead ;  the  sulphuric 
acid  of  which  will  have  been  formed  by  the  action  of  the 
nitric  acid  on  the  sulphur  of  the  sulphides. 

{a)  Heat  a  httle  of  it  on  platinum  foO. ;  if  a  white  resi- 
due is  left  after  ignition,  which  blackens  when  moistened 
with  hydrosulphate  of  ammonia,  Lead  is  probably  present 
(361).    (Confirm  366.) 

{b)  Mix  another  portion  of  the  dried  residue  vdth  car- 
bonate of  soda,  and  heat  it  in  a  hard  glass  tube ;  if  Mer- 
cury is  present,  metallic  g-lobules  wiH  condense  in 
the  upper  part  of  the  tube  (336). 

592.  The  nitric  acid  solution  (590)  may  contain  lead, 
copper,  and  bismuth. 

{a)  Evaporate  the  solxttion  neaelt  to  dryness,  and 
DILUTE  it  with  WATER;  if  a  whitc  prccipitatc  is 
produced.  Bismuth  is  probably  present  (394).  (Confirm, 
395,397.) 

{h)  To  the  solution  formed  in  [a),  filtered,  if  necessary, 
from  the  precipitate,  add  dilute  sulphuric  acid  ;  if  this 
c-auses  a  white  precipitate,  Lead  is  probably  present 
(361).    (Confirm  363,  366.) 

(c)  To  another  portion  of  the  clear  solution  (a)  add 
ammonia  in  shght  excess ;  if  this  gives  a  pale  blue  pre- 
cipitate, which  readily  redissolvea  in  excess  of  ammonia, 
forming  a  blue  solution.  Copper  is  present  (369). 
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Syclrosulphate  of  Ammonia  Test. 

_  593.  A  few  drops  of  tlie  solution  filtered  from  the  preci- 
pitate tlirown  down  by  hydrosulphnric  acid,  or  M^hich 
failed  to  produce  a  precipitate  with  it  (586),  are  now  eva- 
porated on  platinum  foil,  to  ascertain  whether  it  contain  any 
other  fixed  base ;  and  if  it  is  found  to  leave  no  residue, 
the  examination  need  not  be  proceeded  with ;  but  if  a 
residue  is  left,  a  small  portion  of  the  solution  is  neu- 
tralized with  AMMONIA  in  a  test-tube,  and  treated  with 
HTDEosTJLPHATE  OF  AMMONIA.  If  this  gives  uo  preci- 
pitate, the  solution  does  not  contain  any  of  the  metals  in 
the  third  class,  and  the  student  may  pass  on  to  (596) ;  but 
if  a  precipitate  appears,  the  whole  of  the  liquid  is 
similarly  treated,  first  with  ammonia  and  then  with  the 
HYDEOsuLPHATE ;  a  httle  MUEiATE  OF  AMMONIA  being  also 
added,  unless  the  solution  contained  a  decided  excess  of 
hydrochloric  acid,  in  which  case,  the  muriate  would  be 
formed  on  neutralizing  the  acid  with  ammonia.* 

When  the  hydrosulphate  has  been  added  as  long  as  it 
causes  any  precipitate,  the  liquid  is  filtered,  and  the  pre- 
cipitate well  washed,  until  a  drop  of  the  washings,  when 
evaporated  on  platinum  foil  and  ignited,  leaves  no  fixed 
residue,t  the  clear  solution  being  retained  for  farther  exa- 
mination (596). 

594.  The  precipitate  is  dissolved  in  niteohydeochloeic 
ACID,  heat  being  applied  if  necessary ;  and  if  any  sulphur 
remains  undissolved,  the  mixture  is  filtered.  The  solution 
thus  obtained  may  contain  Peroxide  of  Iron,  Almnina,  and 
the  oxides  of  Chromium,  Manganese,  Zinc,  Nickel,  and 
Cobalt. 

(a)  Ammonia  is  now  added  in  excess,  which  precipitates 
the  peroxide  of  iron,  alumina,  and  oxide  of  chromium, 
while  the  four  remaining  oxides,  if  present,  are  redissolved. 
If  no  precipitate  remains,  pass  on  to  (595). 

(b)  If  a  precipitate  is  formed  by  the  am- 
monia, the  mixture  is  filtered ;  and  the  precipitate,  after 
being  washed,  is  redissolved  in  hydeochloeic  acid. 

(c)  Potash  is  added  in  excess  to  the  hydrochloric  acid 
solution  :  if  this  causes  a  precipitate  which  is  in- 
soluble in  excess,  Peroxide  of  Iron  is  probably  present 
(281).    (Confirm  282.) 

•  See  note  to  547.  t  See  note  to  686. 


OF  MIXED  SOLUBLE  SALTS. 


171 


(d)  The  potash  solution,  filtered  if  necessary,  from  the 
precipitate  (c),  may  contain  alumina  and  oxide  of  chro- 
mium. If  oxide  of  chromium  is  present,  the  solution  will 
probably  have  a  green  colour,  and  on  boiling  the  potash 
solution,  the  hydrated  oxide  of  Chromium  gradually  sepa- 
rates as  a  dark  green  precipitate,  learing  the  solution 
colourless  (249).    (Confirm  251,  252.) 

(e)  If  Alumina  is  present,  it  will  be  precipitated 
from  the  potash  solution  on  the  addition  of  mu- 
EiATE  OF  AMMONIA  (242),  especially  if  the  excess  of  alkali 
be  first  nearly  neutralized  with  hydrochloric  acid.  (Con- 
firm 240,  245.) 

595.  The  ammoniacal  solution  (594  a)  is  now  to  be  ex- 
amined. A  drop  or  two  are  first  evaporated  on  platinum  foil, 
when  if  no  fixed  residue  remains,  proving  the  absence 
of  fixed  bases,  the  examination  need  not  be  proceeded 
with ;  but  if  any  residue  is  left,  the  ammoniacal  solu- 
tion is  treated  with  htdeosulphatb  of  ammonia  as  long 
as  it  produces  any  precipitate.  This  precipitate  is  redis- 
solved  in  nitrohydrochloric  acid,  and  the  solution  super- 
saturated with  POTASH.  If  a  precipitate  is  formed, 
the  mixture  is  filtered,  and  the  precipitate  washed. 

(a)  The  filtered  solution  may  contain  oxide  of  Zinc.  If 
this  is  the  case,  the  addition  of  hydeosulphueic  acid  to 
the  potash  solution  throws  down  the  white  sulphide 
(256).    (Confirm  260,  261.) 

(b)  The  precipitate  (if  any)  thrown  down,  by  potash, 
which  may  contain  the  oxides  of  manganese,  cobalt,  and 
nickel,  is  warmed  with  a  solution  containing  ammonia  and 
carbonate  of  ammonia :  if  any  of  the  precipitate  re- 
mains undissolved,  oxide  of  Manganese  is  probably 
present.    (Confirm  267,  268.) 

(c)  If  any  fixed  residue  is  left  when  a  drop  of  the  am- 
moniacal hquid  formed  in  {b)  is  evaporated  on  platinum 
foil,  it  may  contain  the  oxides  of  cobalt  and  nickel.  In 
this  case,  evaporate  the  solution  to  dryness,  and  test  a 
Httle  of  the  residue  with  borax  before  the  blowpipe,  for 
Cobalt  (299).    (Confirm  295,  296.) 

(d)  Add  a  little  hydrochloric  acid  to  the  other  portion 
of  the  residue  formed  in  (c),  and  expel  the  greater  part 
of  it  by  evaporation,  leaving  only  a  sHght  excess  of  acid. 
Dissolve  it  in  water,  and  add  a  solution  of  cyanide  op 
POTASSIUM  untU  any  precipitate  that  may  be  formed  is  en- 
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tirely  redissolved :  if  tlie  addition  of  dilute  sulpliuric  acid 
to  the  solution  gradually  causes  a  precipitate,  Nickel  is 
probably  present  (291).    (Confirm  287,  288.) 

Carbonate  of  Ammonia  Test. 

596.  The  solution  filtered  from  the  precipitate  thrown 
down  by  hydrosulphate  of  ammonia,  or  which  failed  to 
produce  a  precipitate  with  that  reagent,  is  now  to  be 
tested.  A  few  drops  are  first  evaporated  on  platiaum  foil, 
and  if  no  fixed  residue  remains,  it  need  not  be  ex- 
amined for  any  other  fixed  bases,  and  ammonia  only  wiU 
have  to  be  looked  for  in  addition  to  the  bases  already 
discovered  (see  602  for  the  method  of  testing  for  ammonia). 

If,  on  the  contrary,  a  residue  is  left,  the  solution  is 
boiled  for  some  time  to  expel  the  hydrosulphuric  acid, 
a  little  hydrochloric  acid  having  previously  been  added 
if  hydrosulphate  of  ammonia  had  been  used. 

NS^S,HS+  E:CI=NE^  CZ+2H  S  . 

If  any  sulphur  is  precipitated  ia  this  process,  it  must  be 
separated  by  filtration. 

The  solution  is  now  mixed  with  a  little  muriate  of  am- 
monia,  unless  already  formed  by  neutralizing  an  excess  of 
ammonia  or  the  hydrosulphate  with  hydrocliloric  acid ;  cae- 
BONATB  OF  AMMONIA,  mixed  with  a  httle  ammonia  (712),  is 
added  as  long  as  it  causes  any  precipitate,  and  the  solution 
is  boiled.  If  no  precipitate  is  thrown  down,  the  stu- 
dent may  pass  onto  (598),  neither  lime,  baryta,  nor  strontia 
being  present ;  but  if  a  precipitate  falls,  it  is  owing 
to  the  presence  of  one  or  more  of  those  bases.  In  this  case 
the  mixture  is  filtered,  and  the  precipitate  (which  may 
contain  the  carbonates  of  the  alkaline  earths  just  men- 
tioned) is  well  washed,  the  filtered  solution  being  retained 
for  subsequent  examination  (598). 

597.  The  precipitate  is  dissolved  in  a  small  quantity 
of  HYDEOCHLOEic  ACID;  the  solution  tlius  formed  is 
neutralized  with  ammonia,  and  divided  into  three  portions. 

(a)  Add  to  the  first,  sulphate  of  soda  as  long  as  it 
causes  any  precipitate,  and  filter.  If  oxalate  of  am- 
monia gives  with  the  filtered  solution  a  white  precipi- 
tate. Lime  is  present  (216).    (Confirm  219.) 

{h)  To  the  second  portion  add  a  solution  of  sulphate 
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OF  LIME ;  if  tliis  causes  an  immediate  white  precipi- 
tate, Baryta  is  probably  present  (225).    (Confii-m  228.) 

(c)  The  third  portion  is  evaporated  to  dryness,  and  a 
little  of  the  residue  heated  before  the  blowpipe ;  if  the 
flame  is  ting-ed  with  a  carmine  colour,  Strontia 
is  probably  present  (236).    (Confirm  232,  233.) 

598.  The  Hquid  filtered  from  the  precipitate  caused  by 
the  carbonate  of  ammonia,  or  which  failed  to  give  a  pre- 
cipitate with  that  reagent  (596),  is  now  to  be  examined. 
If  it  leaves  any  residue  when  evaporated  on  platiaum 
foil,  it  may  contain  Magnesia,  Fotash,  and  Soda. 

When  lime,  baryta,  or  strontia  have  been  detected  in  the 
mixture,  it  is  always  advisable  to  test  a  httle  of  the  solu- 
tion filtered  from  the  carbonates,  with  oxalate  of  ammonia 
and  SULPHATE  of  soda,  ia  order  to  see  whether  the  whole  of 
the  three  earths  had  been  separated  by  the  carbonate  of 
ammonia:  if  either  of  the  tests  shows  traces  of  them, 
the  solution  is  to  be  again  boiled  with  a  fresh  addition 
of  ammonia  and  carbonate  of  ammonia,  untO.  the  whole  of 
them  is  removed. 

599.  A  little  of  the  ammoniacal  solution,  moderately 
concentrated,  is  now  tested  with  phosphate  of  soda;  if 
this  causes  a  white  crystalline  precipitate,  Mag- 
nesia is  present  (206).    (Confirm  208,  209.) 

600.  If  mag'nesia  is  not  present,  the  ammoniacal 
solution  is  evaporated  to  dryness,  and  the  residue  ignited 
to  expel  the  ammoniacal  salts ;  the  residue  is  then  dissolved 
in  as  small  a  quantity  as  possible  of  water,  and  the  solution 
divided  into  three  portions,  to  be  tested  according  to  the 
directions  given  in  (601). 

When  mag'nesia  is  present,  it  is  necessary  to  sepa- 
rate it  from  the  solution  by  some  reagent  which  does  not 
contain  soda,  since  that  alkali  has  still  to  be  sought  for  in 
the  solution.  In  such  a  case,  the  following  is  the  best 
method.  The  remaining  portion  of  the  ammoniacal  solu- 
tion is  evaporated  to  dryness,  and  the  residue  ignited  in  a 
small  platinum  crucible,  to  expel  the  ammoniacal  salts. 
The  fixed  matter  is  dissolved  in  a  little  water,  treated  with 
a  saturated  solution  of  caustic  baryta,  and  allowed  to 
stand  some  little  time,  to  cause  the  whole  of  the  magnesia 
to  precipitate  (208).  The  mixture  is  then  filtered;  dilute 
suLPHUEic  ACID  is  added  in  very  shght  excess  to  the  clear 
solution,  to  throw  down  the  whole  of  the  baryta ;  and  the 
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liqmd,  after  boiling,  is  filtered.  The  filtered  solution  is 
evaporated  to  dryness,  to  expel  the  excess  of  sulphiu-ic 
acid ;  and  tlie  residue  is  gently  ignited ;  this  is  redissolved 
in  the  smallest  possible  quantity  of  Trater,  and  the  solution 
divided  into  three  portions.  If  no  residue  is  left  after 
the  ignition,  neither  of  the  fixed  alkalies  is  present. 

601.  (a)  The  first  portion  is  tested  with  bichloeide  of 
PLATINUM,  for  Potash  (185). 

(b)  The  second  portion  is  acidified  with  taetaeic  acid, 
also  for  Potash  (186). 

(c)  The  thii'd  portion  is  tested  with  antimoniate  of 
POTASH,  for  Soda  (189).    (Confii-m  188,  190.) 

602.  As  the  substance  under  examination  has  to  be 
ignited  during  the  analysis,  it  is  of  course  impossible  that 
ammonia  can  be  detected  with  the  other  alkalies  in  the 
process  now  described.  A  portion  of  the  original  solution 
is  therefore  to  be  mixed  with  an  excess  of  caustic  potash 
and  warmed ;  if  Ammonia  is  present,  it  may  be  detected 
by  the  smell,  or  by  holding  a  rod  moistened  with  hydeo- 
CHLOEic  ACID  near  the  mouth  of  the  test-tube  (195). 


SECTION  II. 
Examination  for  the  Acids. 

603.  The  original  solution  of  the  substance  is  first  ex- 
amined with  htmus  and  tm-meric  paper  ;  if  it  has  an  acid 
reaction,  a  httle  of  it  is  tested  in  the  manner  described 
in  (535  h),  and  if  it  is  found  to  owe  its  acid  reaction  to 
the  presence  of  free  acid,  the  solution  must  be  carefully 
neutralized  with  dilute  potash  ;  but  if  it  is  only  a  me^- 
tallic  salt  which  caused  it,  the  solution  may  be  considered 
neutral.  If,  on  the  other  hand,  the  bquid  has  an  alkaline 
reaction,  which  may  be  owing  to  the  presence  either  of 
a  free  alkali  or  of  alkaline  carbonates  or  hydi-osulphates, 
it  must  be  rendered  perfectly  neuti-al  by  hydeochloeic 
ACID,  and  boiled,  to  expel  carbonic  or  hydrosulphui-lc  acids, 
if  either  are  present.  . 

604.  To  a  small  portion  of  the  ongmal  solution  add 
HYDEOCHLOEIC  ACID  in  exccss :  if  this  causes  efferves- 
cence, cai'bonic  and  hydrosulphuiic  acids  maybe  present. 
If  no  effervescence  takes  place,  pass  on  to  (605). 
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(a)  If  the  g-as  is  inodorous,  or  when  passed  into 
lime  water  causes  a  white  precipitate,  Carbonic  Acid  is  pre- 
sent (419,  420). 

(S)  If  the  gas  has  a  disagreeable  smell,  and  when 
passed  into  a  sohition  of  acetate  of  lead,  causes  a  black  or 
brown  precipitate,  Sydrosulphuric  Acid  {Sulphur')  is  pro- 
bably present  (438).    (Confirm  439,  444.) 

Nitrate  of  Baryta  Test. 

605.  Add  to  the  original  solution  of  the  substance,  neu- 
tralized if  necessary  (603),  niteate  of  baryta  as  long  as 
it  causes  any  precipitate.  If  no  precipitate  is  formed, 
pass  on  to  (607).  The  mixtui'e  is  filtered,  and  the  precipi- 
tate washed,  the  clear  solution  being  reserved  for  further 
examiuation  (607).  The  precipitate  may  contain  Sulphuric, 
Arsenic,  Arsenious,*  Pkosjr/ioric,  Boracic,  and  Silicic 
Acids,  in  combination  with  baryta. 

{a)  The  precipitate  is  heated  with  strong  hydrochloric 
acid,  and  the  mixture  evaporated  to  dryness.  The  residue 
is  agam  warmed  with  hydrochloric  acid,  and  the  liquid, 
after  boding,  is  diluted  with  a  Httle  water,  and  filtered  if 
anything-  remains  undissolved,  in  which  case  sul- 
phuric and  sdicic  acids  may  be  present.  • 

{h)  Add  an  excess  of  hydrochloeic  or  niteic  acid  to 
a  small  portion  of  the  original  solution,  and  then  a  few- 
drops  of  nitrate  of  baryta  :  if  this  causes  a  white  pre- 
cipitate, insoluble  when  the  mixture  is  heated,  Sulphuric 
Acid  is  present  (403).    (Confirm  405,  406.) 

(c)  To  another  small  portion  of  the  original  solution  add 
hydrochloric  acid,  and  evaporate  the  solution  to  dry- 
ness ;  if  any  of  the  dry  residue  is  insoluble  in  hy- 
drochloric acid,  Silicic  Acid  is  probably  present  (425) 
(Confirm  427.) 

606.  The  hydrochloric  acid  solution  (605  a)  may  con- 
tarn  phosphoric  and  boracic  (as  well  as  arsenious  and 
arsenic)  acids,  the  compounds  of  those  acids  with  baryta 
bemg  soluble  in  hydrochloric  acid. 

(a)  Test  a  little  of  the  origmal  neutral  solution  with  mu- 
riate OF  AMMONIA  and  sulphate  op  magnesia  ;t  if  a 

•  If  arsemous  or  arsenic  acids  are  present,  they  wiU  have  been  ah-Bn^v 
detected  m  the  course  of  the  examination  for  bases  (587) . 

t  It  the  substance  has  been  found  to  contain  any  base  that  causes  a  ureoini 
tate  with  sulphm-ic  acid  (see  Table  of  SolubiHties  in  the  AppenSx)  cidoridp 
of  magnesmm  must  be  used  instead  of  the  sulphate.       ^^'^^'^'^^)'  chlonde 
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crystalline  precipitate  is  formed,  either  immediately 
or  after  standing  a  sliort  time,  Phosphoric  Acid  is  probably 
present  (409).    (Confirm  410,  412.) 

(i)  Add  a  little  strLPHUUic  acid  to  a  small  portion  of 
tlie  original  solution,  or  of  tlie  substance  in  the  solid 
state,  and  evaporate  the  mixture  to  dryness.  Treat  the 
residue  with  alcohol,  and  after  allowing  it  to  digest  a 
short  time,  set  fire  to  it  in  a  dark  place :  if  the  flame  of 
the  alcohol  is  coloured  g-reen,  Boracic  Acid  is  pro- 
bably present  (418).    (Confii-m  416,  417.) 

Nitrate  of  Silver  Test. 

607.  The  solution  filtered  from  the  precipitate  caused 
by  nitrate  of  baryta,  or  in  which  that  reagent  faded  to 
produce  a  precipitate  (605),  is  now  examined.  It  may  con- 
tain I£ydrochloric,\  Hydriodic,  Nitric,  and  Chloric  Acids  : 
and  in  addition  to  these,  in  case  the  original  solution  was 
dilute,  or  contained  ammoniacal  salts,  traces  of  boracic, 
arsenious,  and  arsenic  acids.  The  solution  is  treated  with 
rriTEATE  OF  SILVER ;  if  any  precipitate  is  produced, 
the  mixture  is  filtered,  and  the  clear  solution  reserved  for 
subsequent  examination  (608). 

(a)  Add  an  excess  of  ammonia  to  the  precipitate ;  iS 
it  does  not  wholly  dissolve,  Hydriodic  Acid 
{Iodine)  is  probably  present  (433).    (Confirm  435,  436.) 

{h)  The  ammoniacal  solution  formed  in  («)  is  super- 
saturated with  NiTEic  ACID :  if  a  white  curdy  pre- 
cipitate is  thrown  down.  Hydrochloric  Acid  {ChloriTw) 
is  probably  present  (429).    (Confinn  430,  431.) 

(c)  The  acid  solution  formed  in  {b)  may  contam  traces 
of  arsenious,  arsenic,  and  boracic  acids.  The  first  two 
win,  if  present,  have  been  abeady  found  in  the  examina- 
tion for  the  bases ;  the  latter  may  be  detected  m  the 
manner  described  in  (606  h).  .  .  , 

608.  The  solution  filtered  from  the  precipitate  thrown 
down  by  nitrate  of  silver,  or  ia  which  that  reagent  failed 
to  produce  a  precipitate  (607),  may  contain  Nitric  and 
Chloric  Acids ;  but  as  nitric  acid  has  been  added  to  it  m 
the  nitrates  of  baryta  and  sdver,  some  of  the  origmal  solu- 
tion must  be  used  in  this  part  of  the  exammatiou. 

»  If  hydrochloric  acid  has  been  used  to  neutralize  the  solution  (603|,  it  mU 
of  course^be  precipitated  here,  so  that  it^nll  be  necessary  to  test  a  Wlb  of  t^e 
original  solution,  neutralized  with  inVnc  acid,  to  ascertam  whether  any  hydro- 
chloric  acid  or  chlorine  is  present  in  it. 
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(a)  To  a  small  portion  of  tlie  original  solution,  add  sul- 
PHUEic  ACID  AND  COPPER  FILINGS ;  if  orang^e  fumes 
are  disengaged,  Nitric  Acid  is  probably  present  (448). 
(Confirm  449,  450.) 

(b)  Moisten  a  portion  of  the  original  substance  in  tbe 
dry  state,  with  steong  sulphueic  acid  :  if  a  greenish 
gas  is  evolved,  Chloric  Acid  is  probably  present  (457). 
(Confirm  454,  455,  456.) 


CHAPTEE  YII. 

QUALITATIVE  ANALYSIS  OF  A  MIXTUEE  OF  TWO  OE  MOEE 
SALTS,  WHICH  MAY  CONTAIN  ALL  THE  BASES  AND  INOE- 
GANIC  ACIDS  IN  THE  LIST  (179),  AND  WHICH  IS  INSO- 
LUBLE, OE  NEAELY  SO,  IN  WATEE,  BUT  EEADILY  SOLUBLE 
IN  HYDEOCHLOEIC,  NITEIC,  OE  NITEOHYDEOCHLOEIC 
ACID  (530). 

SECTION  I. 
Examination  for  the  Sases. 

609.  When  it  has  been  found  necessary  to  use  a  large 
excess  of  acid  to  dissolve  the  substance,  it  is  advisable, 
before  beginning  the  analysis,  to  expel  the  greater  part  of 
it  by  evaporation  (561). 

610.  When  the  substance  has  been  dissolved  in  hydro- 
chloric acid  or  nitrohydrocliloric  acid,  it  is  unnecessary  to 
examine  it  for  silver  or  protoxide  of  mercury,  because  the 
corresponding  chlorides  of  those  metals  are  insoluble  in 
hydrochloric  acid.  When  the  solution  has  been  made  in 
nitric  acid,  a  httle  hydeochloeic  acid  is  first  added  to 
the  solution :  if  this  causes  no  precipitate,  pass  on  to 
(611) ;  but  if  a  white  precipitate  is  produced, 
Silver,  Protoxide  of  Mercury,  and  Lead  may  be  present.  In 
tliis  case  add  hydeochloeic  acid  as  long  as  it  causes  any 
furthw  precipitate,  filter,  and  examine  the  precipitate  with 
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AMMONIA,  as  already  described  (585),  tlie  solution  being 
retained  for  furtlier  examination  (611) . 

611.  When  nitric  acid  has  been  used  in  dissolving,  tbe 
substance,  eitber  alone  or  in  conjunction  witb  hydrochloric 
acid,  it  is  advisable  to  expel  it  before  proceeding  to  test  the 
solution  with  hydrosulphuric  acid;  because  when  nitric 
acid  is  present  in  a  solution,  the  hydrosulphuric  acid  is 
oxidized  by  it,  and  is  thus  prevented  from  acting  in  the 
usual  manner  on  the  metallic  oxides  present.  The  solution 
containing  nitric  acid  should  therefore  be  mixed  with  an 
excess  of  hydrochloric  acid,  filtered  if  necessary,  and  eva- 
porated nearly  to  dryness.  The  concentrated  solution  is 
then  diluted  with  water,  and  if  any  milkiness  is  pro- 
duced on  dilution,  owing  to  the  presence  of  autituony, 
bismuth,  or  tin,  it  may  be  disregarded,  as  it  wiU  not  inter- 
fere with  the  action  of  the  hydrosulj)hui'ic  acid. 

Sydrosulflmric  Acid,  Test. 

612.  Hydeosxjlphueic  acid  gas  is  now  passed  through 
the  dilute  acid  sokition,  until  it  is  saturated ;  if  this  causes 
no  precipitate,  even  when  the  mixture  is  boiled,  pass  on 
to  (614) ;  but  if  a  precipitate  is  produced,  it  is 

owing  to  the  presence  of  one  or  more  metals  of  the  fom'th 
class.  The  precipitate  is  to  be  separated  by  filtration,  and 
washed  as  long  as  a  drop  of  the  washmgs  leaves  any  fixed 
residue  when  evaporated  on  platinum  foil ;  the  clear  hquid 
being  retained  for  subsequent  examination  (614). 
'  613.  The  precipitate,  which  may  contain  the  sulphides  of 
all  the  metals  in  the  fourth  class,  after  being  well  washed, 
is  digested  with  hydkostjlphate  of  ammonia;  and  the 
portions,  both  soluble  and  insokible  in  the  hydi'osulphate, 
are  examined  in  the  manner  described  m  (588  to  592). 

As,  however,  in  this  case,  arsenic  may  coexist  with  any 
of  the  other  bases  of  the  fourth  class  (such  compounds 
being  for  the  most  part  soluble  in  acids),  it  is  necessary  to 
examine  the  precipitate  thi-own  down  by  acetic  acid  from 
the  solution  of  the  sulphides  in  hydi-osulphate  of  aminoma, 
for  arsenic,  as  well  as  for  antmiouy  and  tm.  This  may 
be  easily  done  by  applying  the  reduction  test  (303). 
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Sydrosulphate  of  Ammonia  Test. 

614.  The  solution  filtered  from  the  precipitate  thrown 
down  by  hydrosulphurie  acid,  or  which  failed  to  produce  a 
precipitate  with  it  (612),  is  now  treated  with  ammonia  and 
HYDEOSTJLPHATE  OF  AMMONIA,  and  examined  according  to 
the  directions  given  in  (593  to  595).  As,  however,  a  mix- 
ture such  as  we  are  now  considering,  which  is  insoluble  in 
water,  may  contain  the  JEarthy  Phosphates,  those  com- 
pounds, if  present,  will  be  thrown  down  by  the  ammonia 
and  hydrosulphate  (564);  and  it  is  necessary  to  examine  the 
precipitate  for  hme,  magnesia,  baryta,  and  strontia,  in 
addition  to  the  metals  belonging  to  Class  III.  These  earthy 
phosphates,  if  present,  will  be  thi'own  down  by  potash, 
together  with  any  iron  that  may  be  present  (594,  c) :  that 
precipitate  may  consequently  contain  peroxide  of  iron, 
together  with  the  Phosphates  of  Lime,  Magnesia,  Baryta, 
and  Strontia. 

(a)  The  precipitate  (594,  c)  is  dissolved  in  hydrochloric 
acid,  and  to  a  smaU  portion  of  the  solution  thus  formed, 
FEEEOCYANIDE  OF  POTASSIUM  is  added;  if  this  causes  a 
blue  precipitate,  Peroxide  of  Iron  is  present  (282). 

(h)  To  the  rest  of  the  solution,  peechloeide  of  ieon  is 
added,  and  afterwards  an  excess  of  ammonia  ;  this  throws 
down  the  whole  of  the  iron  as  hydrated  peroxide,  which 
carries  with  it  in  combination  any  phosphoric  acid  that 
may  be  present ;  while  the  solution  contains,  in  the  form  of 
chlorides,  the  Alkaline  Earths  which  were  previously  com- 
bined with  Phosphoric  Acid  (569). 

(c)  The  liquid  thus  obtained  is  tested,  after  filtration,  for 
fixed  bases,  by  evaporating  a  di'op  on  platinum  foU ;  and  if 
a  residue  is  left,  the  solution  is  examined  for  Lime, 
Baryta,  Strontia,  and  Magnesia,  caebonate  and  mueiate 
of  ammonia  being  added,  and  the  precipitate  and  solution 
treated  in  the  manner  described  in  (597  to  599). 

Carbonate  of  Ammonia  Test. 

615.  The  solution  filtered  from  the  precipitate  caused  by 
hydrosulphate  of  ammonia,  or  in  which  that  reagent  failed 
to  produce  any  precipitate,  is  now  examined  for  the  Alkaline 
Ji^arths  and  Alkalies,  va.t\i.e  manner  already  described  in  the 
case  of  substances  which  are  soluble  hi  water  (596  to  602) 
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SECTION  11. 


Examination  for  the  Acids. 

616.  A  little  of  the  substance  under  examination  is  mixed 
with  strong  liydrocliloric  acid :  if  effervescence  takes 
place,  carbonic  and  hydrosulpburic  acids  may  be  present. 

(a)  If  tbe  gas  whicb  is  evolved  causes  a  white  preci- 
pitate wben  passed  iato  lime  water,  Carbonic  Acid  is 
Ijresent  (419,  420). 

{b)  If  tbe  gas  causes  a  black  or  brown  precipitate, 
wben  passed  into  a  solution  of  acetate  of  lead,  Hydrosul- 
phuric  Acid  {Sulphur  in  a  Sulphide)  is  present  (438). 
(Confirm  444.) 

617.  Tbe  solution  of  tbe  substance  in  bydrocbloric  acid 
is  now  examined  for  sulphuric,  phosphoric,  and  silicic 
acids. 

{a)  A  portion  of  the  hydrochloric  acid  solution  is  tested 
with  chloride  of  barium  ;  if  this  causes  a  white  preci- 
pitate, which  is  iasoluble  when  warmed  with  an  excess  of 
hydrochloric  acid,  Sulphuric  Acid  is  present  (403).  (Con- 
firm 405,  406.) 

(b)  A  little  of  tbe  hydrochloric  acid  solution  is  evapo- 
rated to  dryness,  and  tbe  residue  treated  with  htdeo- 
cHLORic  ACID  ;  if  a  wMtc  insoluble  powder  is  left, 
whicb,  wben  washed,  and  heated  before  the  blowpipe  with 
carbonate  of  soda,  fases  into  a  transparent  colourless  bead. 
Silicic  Acid  is  present  (425,  437).  ■,     r.  n  • 

(c)  Phosphoric  acid  may  be  detected  m  the  toUowmg 
manner.  To  a  portion  of  the  hydrochloric  solution,  per- 
CHLORIDE  OF  IRON  is  added,  and  then  ammonia  m  sbght 
excess ;  the  precipitate  thus  produced  is  weU  washed  on  a 
filter,  digested,  with  the  aid  of  a  gentle  heat,  m  hydeo- 
SULPHATE  OF  AMMONIA,  and  filtered.  If  the  solution  thus 
obtained  gi-adually  throws  down,  when  concentrated,  a 
white  crystalline  precipitate  with  sulphate  of 
MAGNESIA,  Phosphoric  Acid  is  probably  present  (409, 4id). 

(Confirm  410,  412.)  .        ,  , 

618.  A  portion  of  tbe  substance  is  treated  with  strong 
NITRIC  ACID,  and,  if  necessary,  warmed. 

(a)  If  orange  fumes  are  evolved,  and  a  pale 
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yellow  deposit  of  sulphiir  is  produced,  a  metallic  Sulphide 
is  present  (439).    (Confirm  444.) 

(5)  Add  to  tlie  nitric  acid  solution  a  few  drops  of 
NiTEATE  OF  SILVER ;  if  tMs  causes  a  precipitate, 
wash,  it  on  a  filter,  and  digest  in  ammonia.  If  a  white 
curdy  precipitate  is  thi*own  down  wfien  tlie  ammo- 
niacal  solution  is  neutralized  witli  nitric  acid,  Sydro- 
chloric  Acid  {a  Metallic  Chloride)  is  present  (429).  (Con- 
firm 430,  431.) 

619.  Test  a  little  of  tlie  substance  for  Boracic  Acid  in  tlie 
manner  described  in  (606,  b). 

620.  If  tbe  substance  disengages  violet  coloured 
fumes,  wben  wai-med  with  strong  sttlphueic  acid. 
Iodine  [a  Metallic  Iodide)  is  present  (436). 

621.  Place  a  fragment  of  tlie  dry  substance  on  ignited 
charcoal :  if  tliis  occasions  deiiag'ration.  Nitric  Acid  is 
probably  present  (447).    (Coufii-m  448,  450.) 

622.  Chloric  Acid  need  not  be  looked  for  in  compoimds 
which  are  insoluble  in  water,  since  aU  the  clilorates  are 
readily  soluble. 


CHAPTEE  Vin. 

QUALITATIYE  ANALYSIS  OF  A  MIXTURE  OF  TWO  OR  MORE 
SALTS,  WHICH  MAY  CONTAIN  ALL  THE  BASES  AND  INOR- 
GANIC ACIDS  IN  THE  LIST  (179),  AND  WHICH  IS  INSO- 
LUBLE, OR  NEARLY  SO,  IN  WATER  AND  ACIDS. 

623.  The  compounds  most  likely  to  be  found  in  sucb  a 
mixture,  are  those  enumerated  in  (578).  The  best  method 
of  rendering  such  a  substance  soluble,  is  to  fuse  it  with. 
CARBONATE  OF  SODA  (580),  either  in  a  platinum  or  porcelain 
crucible.  If  any  metals  of  the  fourth  class  are  present, 
which  may  generally  be  ascertained  by  moistening  a  small 
fragment  of  the  substance  with  hydeosulphate  of 
AMMONIA  (579),  it  is  safer  to  use  a  porcelain  crucible.* 
Wben  this  is  done,  a  fittle  silica  and  alumina  will  generally 

*  See  note  to  580. 
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be  dissolved  from  the  crucible  by  the  action  of  the  soda, 
and  will  appear  in  the  course  of  the  analysis. 

624.  The  fused  mass  is  treated  with  water,  filtered,  and 
the  aqueous  solution,  which  contains  chiefly  the  excess  of 
the  carbonate  of  soda  used,  and  some  of  tue  acids  of  the 
insoluble  mixture,  must  be  examined,  according  to  the  di- 
rections given  for  the  analysis  of  a  mixture  soluble  in  water 
(585,  &c.). 

625.  The  portion  of  the  fused  matter  which  is  insoluble 
in  water  will  generally  be  found  to  dissolve,  when  digested, 
for  a  few  hours,  with  the  aid  of  a  gentle  heat,  in  dilute 
HTDEocHLOEic  or  NITRIC  ACID  ;  after  which  the  acid  solu- 
tion must  be  examined,  according  to  the  dii'ections  given 
for  the  analysis  of  a  mixture  which  is  insoluble  in  water, 
but  soluble  in  acids,  (609,  &c.). 

626.  When  the  insoluble  substance  has  to  be  examined 
for  aUtalies,  as  in  the  case  of  many  siliceous  minerals, 
it  must  be  rendered  soluble  by  fusion  with  carbonate  of 
baryta  or  lime.  As,  however,  the  analysis  of  such  sub- 
stances is  attended  with  difficulty,  the  details  of  the  pro- 
cess need  not  here  be  considered.* 

*  See  Eose,  "Analyse  Chimique,"  torn.  i.  p.  611 ;  ii.  382 ;  also  Parnell's 
"  Elements  of  Chemical  Analysis,"  p.  403. 


PAET  IV. 


QUANTITATIYE  ANALYSIS. 


Introductory  ItemarTcs. 


627.  In  tlie  processes  wliicli  I  liave  now  described,  tlie 
object  of  tlie  experimenter  lias  been  to  ascertain  wbat  sub- 
stances are  present  in  a  given  salt  or  mixture  of  salts, 
which  branch  of  analysis  is  called  qualitative.  I  will 
now  detail  a  few  processes  which  have  for  their  object  the 
determination  of  the  quantity  of  the  ingredients  of  saline 


tive.  It  is  not  my  intention  to  enumerate  the  methods 
which  have  been  devised  for  the  separation  and  estimation 
of  all,  even  of  the  more  common  compoimds,  but  merely 
to  give  the  student  a  general  idea  of  the  subject,  by  con- 
ducting him  through  a  few  simple  examples  of  quantitative 
analysis,  referring  him,  if  he  wishes  for  more  extended 
information,  to  the  larger  works  of  Kose,  Fresenius,  and 
ParnSll.* 

628.  I  will  first  briefly  describe  some  of  the  more  im- 
portant operations  which  have  to  be  performed  ia  the 
course  of  a  quantitative  analysis  ;  and  the  student  must 
bear  in  mind  that  the  more  care  he  bestows  upon  them, 
the  more  correct  will  be  his  results  ;  as  the  loss  of  a  single 
drop  of  liquid,  or  the  presence  of  a  very  small  quantity  of 
soluble  matter  left  in  a  precipitate,  owing  to  carelessness 
in  washing,  will  often  occasion  serious  errors. 

•  "  Traite  Pratique  d' Analyse  Chimique,  par  H.  Rose,"  of  which  an  English 
translation  bv  Dr.  Normandy  has  recently  appeared. 

"  Chemical  Analysis,  Quahtative  and  Quantitative,"  by  C.  E.  Fresenius 
translated  by  Bullock.  ' 

"  Elements  of  Chemical  Analysis,"  by  E.  A.  Parnell. 


compounds :  this  branch 
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OPEEATIONS  IN  ANALYSIS. 


Pulverization. 


629.  Most  substances  may  be  reduced  to  sufficiently  fine 
powder  for  analysis,  by  pounding  in  a  common  Wedgrrood 
mortar ;  in  some  cases,  bowever,  it  is  first  necessary  to 
break  tbe  substance  into  small  fragments,  in  one  of  iron  or 
gun-metal;  or  in  default  of  tbis,  tbe  substance  may  be 
loosely  wrapped  in  strong  brown  paper,  and  struck  witb  a 
bammer.  Wben  tbe  substance  is  difficult  of  solution,  as  in 
tbe  case  of  some  siliceous  minerals,  it  is  sometimes  neces- 
sary to  reduce  it  to  an  impalpable  powder,  in  a  smaU  agate 
mortar ;  and  on  tbe  fineness  of  tbis  pulverization  tbe  suc- 
cess of  an  analysis  often  depends. 


630.  Many  substances,  especially  wben  in  tbe  state  of  pow- 
der, absorb  moisture  from  tbe 


aU  tbe  sides  are  made  bollow,  and  filled  witb  water,  so  tbat 
tbe  temperatui-e  inside  never  rises  bigber  tban  212°.  "NVben 
a  substance  tbus  exposed  ceases  to  lose  weigbt,  on  bemg 
weigbed  at  sbort  intervals,  it  may  be  considered  sufficiently 


Drying. 


.J 


atmospbere,  wbicb,  of  course, 
adds  to  tbeu'  weigbt.  Before 
weigbing  out  accurately  tbe 
quantity  of  tbe  substance  for 
analysis,  it  is  tberefore  neces- 
sary to  deprive  it  of  tbis  by- 
groscopic  moisture.  Tbis  is 
generally  done  by  beating  it 
in  a  small  basin  on  tbe  water- 
batb  or  sand-batb,  care  being 
taken  tbat  tbe  beat  does  not 
rise  so  bigb  as  to  cause  decom- 
position. Tbe  bot  water-box 
sbown  in  figure  78,  is  very 
convenient  for  drying  sub- 
stances at  a  low  temperature  : 


Fig.  78.  Hot-water  Drying 
Oven. 
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dry.  By  using  saline  solutions,  which,  boil  at  a  higher  tem- 
perature than  water,  a  steady  heat,  considerably  higher, 
may  be  obtained  (647). 

Weighing. 

631.  Either  20,  25,  or  33.3  grams,  will  generally  be  found 
the  most  convenient  quantity  to  take  for  quantitative  ex- 
periments, regard  being  had  to  the  number  of  constituents 
to  be  estimated,  and  the  quantity  of  the  substance  at  our 
disposal.  The  quantity  may  depend  also  on  the  method  we 
intend  to  pursue,  whether  we  propose  to  estimate  all  the 
ingredients  from  the  same  portion,  or  from  two  or  more 
separate  portions  of  the  substance.  If  20  grains  are  used, 
the  results,  multiphed  by  five,  -vv  ill  give  the  percentage  ;  or 
if  25  or  33.3,  they  must  be  multiphed  by  four  or  three.  Por 
most  purposes,  the  student  wiU  find  a  balance  that  is 
capable  of  weighing  within  one-tenth  of  a  grain,  sufiiciently 
accurate ;  and  it  should  be  furnished  with  weights  from 
one-tenth  of  a  graia  to  1000  graias. 

A  substance  should  never  be  weighed  while  warm,  as  it 
causes  an  upward  current  of  an*  in  its  vicitiity,  which  tends 
to  buoy  it  up,  and  makes  it  appear  to  weigh  hghter  than  it 
really  is.  In  quantitative  analysis,  it  is,  of  com-se,  necessary 
to  avoid  the  shghtest  loss  in  the  weighed  portion,  as  a 
deficiency  in  the  weight  of  the  ingredients  would  be  the 
consequence,  and  the  accuracy  of  the  analysis  seriously 
iaterfered  with.  Most  substances  in  the  state  of  fine 
powder,  especially  after  having  been  recently  ignited,  are 
very  prone  to  absorb  moiskire  from  the  air ;  to  obviate 
this,  which  would  add  materially  to  their  weight,  such  sub- 
stances should  be  weighed  in  a  covered  crucible,  as  soon  as 
possible  after  cooHng. 

When,  as  is  frequently  the  case,  especially  with  hquids, 
a  substance  has  to  be  weighed  in  a  flask,  dish,  or  other 
vessel,  the  latter  may  either  be  counterpoised  with  strips 
of  lead  or  shot,  which  are  conveniently  placed  in  a  pfll-box ; 
or  its  weight  may  be  previously  noted,  and  afterwards  de- 
ducted from  the  gross  weight. 

Solution, 

632.  Before  the  in^edients  of  a  substance  can  be  deter- 
mmed,  either  qualitatively  or  quantitatively,  it  is  necessary 
to  brmg  the  substance  mto  solution.    For  this  pui-pose, 
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water  is  to  be  preferred  when  the  substance  dissolves 
readily  in  it ;  and  in  tlie  case  of  tliose  compounds  which 
are  insoluble  in  water,  one  of  the  acids  (generally  hydro- 
chloric) is  employed,  which  has  been  found,  in  the  course 
of  the  preliminary  examination,  to  be  the  best  adapted  for 
the  purpose.  (529—532.) 

The  dissolution  of  a  substance  is  almost  invariably  as- 
sisted by  heat,  so  that  it  is  always  advisable  to  use  a  vessel 

for  the  purj)Ose,  which 
can  be  heated  over 
a  lamp  without  dan- 
ger of  fractm-e,  as 
a  small  BerUn  porce- 
lain dish  or  glass  flask. 
(Figs.  79  &  80.)  The 
latter  has  the  advan- 
tage of  preventing  loss 
by  ebullition  or  spurt- 
ing, as  any  particles 
of  Hquid  that  may 
be  projected  from  the 
surface  during  ebuOi- 
tion,  fall  against  the 
inner  surface,  and  rim 
back  into  the  flask,  especiaEy  if  it  is  placed  in  an  incLuied 
position  over  the  lamp.  Occasional  stirring  facilitates  the 
solution,  and,  as  a  general  rule,  the  more  finely  the  sub- 
stance has  been  pounded,  the  more  readily  it  dissolves. 


rig.  70. 


rift.  80. 


Fi^:.  81. 


PEECIPITATION. — FILTEATION. 


187 


When  a  substance  lias  to  be  digested  in  acid  for  a  length 
of  time,  with  the  aid  of  heat,  the  evaporation  of  the  acid 
may  be  in  a  great  measure  prevented,  by  placing  a  small 
glass  funnel  in  the  month  of  the  flask  (Fig.  81) ;  the  acid 
condenses,  and  runs  back  into  the  flask. 

Precipitation. 

633.  When  a  substance  is  obtained  in  solution,  the 
various  compounds  present  are  in  most  cases  separated 
for  the  purpose  of  estimation,  by  adding  to  it  some  solu- 
tion, which  causes  one  or  more  of  the  ingredients  to  preci- 
pitate in  the  solid  state ;  as,  when  we  wish  to  estimate  the 
quantity  of  sulphuric  acid  in  any  solution,  we  add  to  it  a 
solution  of  chloride  of  barium,  wldch,  if  added  in  sufficient 
quantity,  causes  the  whole  of  the  acid  to  precipitate  in  the 
form  of  sulphate  of  baryta  (403),  which,  being  insoluble  in 
water,  may  be  Avashed  without  loss,  and  when  dry  is 
weighed ;  the  weight  of  the  sulphuric  acid  which  it  con- 
tains, may  then  be  calculated  from  it  (652). 

Precipitation  is  usually 
efiected  in  upright  glasses 
of  the  forms  shewn  in 
fig.  82.  When  precipitat- 
mg  a  substance  in  quan- 
titative analysis,  it  is  im- 
portant that  sufficient  of 
the  precipitantis  added  to 

throw  down  the  to/iole  of     Fig.  82.  Precipitating  Glasses. 

the  substance  affected  by 

it,  as  otherwise  a  deficiency  in  weight  would  be  occasioned : 
this  is  easily  ascertained  by  adding  a  drop  of  the  precipitant 
to  the  solution  filtered  from  the  precipitate,  which  will  cause 
a  fiirther  precipitate  if  sufficient  had  not  before  been  added. 
When  the  precipitate  is  at  all  soluble,  as  the  bitartrate  of 
potash,  or  ammonio-phosphate  of  magnesia,  it  is  always 
advisable  to  allow  the  mixture  to  stand  several  hours  before 
filtering,  in  order  to  ensure  the  separation  of  the  whole  of 
the  required  salt  (184).  When  the  whole  of  the  precipi- 
tate is  thrown  down,  it  is  separated  from  the  solution  either 
by  filtration  or  decantation  (634,  643). 

Filtration. 

634.  The  process  of  filtration  is  that  most  commonly 
adopted  for  separating  a  precipitate  from  the  solution  in 
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■wliicli  it  was  formed.  The  paper  best  adapted  for  the 
purpose  is  a  tlun  white  blotting  paper,  which  should  be  free 
from  visible  holes,  and  should  leave,  when  burnt,  only  a 
minute  trace  of  inorganic  matter.  Such  a  paper  may  be 
purchased  at  any  of  the  respectable  dealers  in  chemical 
apparatus.  It  is  convenient  to  keep  a  stock  of  filters  ready 
cut,  of  a  circular  form,  and  of  sizes  varying  from  three  to 
ten  inches  diameter.  These  may  be  made  by  having  circular 
pieces  of  tin  plate  of  the  different  si^es,  and  scoring  round 
them  with  a  pencil  upon  the  paper,  when  several  sheets  may 
be  cut  through  at  once  with  scissors, 

635.  The  filter, 

when  required  for 

use,  is  folded  twice 

at  right  angles  (fig. 

83)  (66),  opened  out 

into  a  conical  form, 

and  placed  in  a  glass 

funnel,  the  sloping 

„,  sides  of  which  should 

Fig.  83.  Fig.  84.  4.  1  r 

^  open  at  an  angle  oi 

about  60°,  when  it  wQl  be  found  to  match  the  form  of  the 
folded  filter,  and  will  support  it  uniformly  throughout. 
When  x^laced  in  the  funnel,  the  paper  is  moistened  with 


Fig.  85. 


water,  for  the  purpose  of  causing  the  fibres  to  expand,  and 
thus  diminishing  the  size  of  the  pores,  -without,  at  the  same 
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time,  clioldng  tliemwitli  solid  particles:  if  this  is  not  done, 
and  a  solution  mixed  with  a  precipitate  is  poured  mto  the 
dry  filter,  some  of  the  finely  divided  particles  of  the  preci- 
pitate are  drawn  into  the  pores  by  capdlary  attraction,  and 
tend  to  prevent  the  passage  of  the  clear  solution  through 
them.  The  filter  should  never  be  allowed  to  reach  higher 
than  the  top  of  the  funnel,  as  otherwise  the  weight  of 
the  hqiud  might  cause  the  paper  to  give  way ;  and  there 
would  also  be  danger  _  of 
some  of  the  solution  rimning 
down  the  outside  of  the  fun- 
nel, after  passing  through  the 
projectiug  paper.  When  the 
filter  is  thus  prepared,  it  may 
be  supported  either  on  the  'Fig.  86. 

riug  of  a  retort  stand  (fig.  85) 

(for  which  the  form  shewn  at  a  is  very  convenient),  or  on 
a  perforated  block  of  wood  placed  on  the  glass  intended  to 
catch  the  filtered  solution  (169),_the  hole  beiug  made  to  fit 
the  funnel,  as  shewn  in  the  section  (fig.  86). 

636.  The  solution  to 
be  filtered  should  be  T'>'Jj\^ 
poured  gently  down  a  iS>^>i 
glass  rod  (fig.  85),  so 
as  to  fall  on  one  of 
the  slanting  sides  of 
the  filter,  and  not  into 
the  apex,  as  that  would 
endanger  the  bursting 
of  the  paper,  and  cause 
splashing.  When  the 
whole  of  the  mixture 
has  been  poured  on  the 
filter,freshwater  should 
not  be  added  for  the 
purpose  of  washing,  un- 
til the  whole  of  the 
solution  has  passed 
through ;  then,  by 
means  of  a  wasliing- 
bottle  (94),  the  pre- 
cipitate left  on  the 
filter  is  well  washed ;  the  current  of  water  being  applied  first 
towards  the  upper  part  of  the  filter,  and  directecf  gradually 
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downwards  (fig.  87).  Wlientlie  filter  lias  been  tlius  nearly 
filled  up  with  water,  allow  the  whole  to  run  through  before 
adding  any  more,  and  then  repeat  the  washing,  until  a 
drop  of  the  filtered  liquid  leaves  no  fijced  residue  when 
evaporated  and  ignited  on  platinum  foil.  If  the  precipitate, 
while  standing  in  the  filter,  cakes  together  into  lumps,  these 
must  be  broken  up  by  directing  upon  them  a  strong  current 
of  water  from  the  washiug-bottle,  as  otherwise  the  water 
would  not  penetrate  them,  and  some  of  the  soluble  matter 

637.  It  is  sometimes 
necessary  to  keep  the  mix- 
ture hot  during  filtration, 
to  prevent  any  of  the  solu- 
ble ingredients  solidifying : 
this  may  be  done  very  con- 
veniently, by  placing  the 
funnel  in  a  zinc  or  cop- 
per box  of  the  form  shewn 
in  fig.  88,  which  may  be 
kept  full  of  hot  water,  and 
boiling,  if  necessary,  over  a 
lamp. 

638.  TheHquidis  generally 
filtered  into  a  beaker  glass, 
and  occasionally  into  flasks 
or  dishes :  it  is  always  advis- 
able to  cause  the  stream  to  run  gently  down  the  side  of 
the  vessel,  and  not  to  fall  di-op  by  drop  into  the  centre 
of  the  glass,  as  this  would  cause  splashing  and  probably 
some  loss.  It  occasionally  happens  that  some  of  the  pre- 
cipitate passes  through  with  the  filtered  solution,  as  may 
be  seen  in  the  case  of  fi'eshly  precipitated  oxalate  of 
lime  or  sulphate  of  baryta.  When  this  takes  place,  it 
is  sometimes  necessary  to  pass  it  through  the  filter  twice 
or  three  times  before  it  comes  thi-ough  quite  clear.  This 
may,  however,  in  most  cases,  be  obviated  b^  boiHng  the 
mixture  before  filtermg,  which  causes  the  finely  divided 
paHicles  of  the  precipitate  to  aggregate  together.  The 
presence  of  some  saline  matters  in  solution,  also,  some- 
times prevents  a  precipitate  passing  thi-ough ;  mui-iate  of 
ammonia,  for  example,  exerts  tliis  property  with  sulphate 
of  baryta. 


would  escape  removal. 


Fig.  88.  Hotwater  Filtering 
stand. 
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639.  When  the  precipitate  on  the  filter  is  completely 
washed,  the  funnel,  with  its  contents,  is  placed  on  a  small 
tripod,  or  retort  stand,  on  the  warm  sand-bath,  or  near  a 
fire,  when  the  precipitate  will  gradually  dry ;  it  may  then 
be  separated  from  the  filter,  ignited  in  a  small  platinum  or 
porcelain  crucible  (648),  (unless  decomposable  at  a  high 
temperature,)  and  weighed. 

640.  In  cases  where  the  quantity  of  the  precipitate  is 
very  small,  and  where  it  will  not  bear  a  red  heat  without 
decomposition,  it  is  often  convenient  to  use  two  filters  for 
the  purpose :  they  should  be  folded  up  together  into  the 
proper  form,  and  a  hole  of  about  an  inch  in  diameter  is 
then  cut  with  scissors  in  the  centre  of  the  oiiter  one ;  the 
inner  one  is  then  chpped  .round  the  edge,  until  it  weighs 
exactly  the  same  as  the  other,  when  they  will,  of  course, 
accurately  counterpoise  each  other.  They  are  then  again 
placed  one  inside  the  other,  the  perforated  one  being  out- 
side, after  which  the  mixture  may  be  filtered  through 
them,  washed,  and  dried.  When  dry,  they  are  separated, 
and  placed  in  the  opposite  scales  of  the  balance,  when  the 
difference  ui  weight  will  give  the  weight  of  the  precipitate, 
that  of  the  paper  being  the  same  in  both. 

641.  The  precipitate  may  also  be  weighed  in  a  single 
filter,  which  should  be  placed  in  a  covered  porcelain  cru- 
cible of  known  weight,  dried  at  212°,  and  weighed  before 
the  mixture  is  poured  in.  Wlien  the  precipitate  on  the 
filter  has  been  thoroughly  washed,  the  latter  is  placed  in 
the  crucible,  dried  as  before,  and  as  soon  as  it  is  cold,  again 
weighed;  when  the 
increase  in  weight 
wiUjOf  course,be  that 
of  the  precipitate. 

642.  It  is  often 
necessary,  before 
weighing  a  precipi- 
tate, to  burn  the  fil- 
ter containing  it.  Af- 
ter the  greater  part 
of  the  precipitate 
has  been  removed, 
the  filter  is  held  with 

a  pair  of  pliers,  and  set  fire  to,  over  the  platinum  crucible  in 
which  the  precipitate  is  to  be  ignited,  the  crucible  being 
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placed  in  a  basin,  in  case  any  of  the  ashes  should  fall  over  its 
sides  (fig.  89) ;  these  are  then  collected  and  ignited  in  the  cru- 
cible (648),  together  with  the  portion  of  the  precipitate  previ- 
ously removed  from  the  filter,  until  the  whole  of  the  charcoal 
derived  from  the  paper  is  burnt  away.  In  cases  of  great 
accuracy,  the  weight  of  the  paper  ashes,  ascertained  by 
weighing  those  derived  from  a  similar  filter,  must  be 
deducted  fi-om  the  gross  weight ;  when  the  paper  is  good, 
however,  it  does  not  contain  more  than  one  to  three- 
thousandths  of  its  weight  of  inorganic  matter,  so  that  this 
precaution  is  scarcely  necessary  in  ordinary  cases  of  ana- 
lysis. 

Decantation, 

643.  When  a  precipitate  is  found  to  subside  rapidly  to 
the  bottom  of  the  liquid,  and  when  it  is  known  to  be  very 
insoluble  in  water,  it  may  be  washed  by  decantation,  in- 
stead of  on  a  filter,  and,  in  many  cases,  this  is  the  more 
expeditious  method.  The  mixture  is  placed  in  an  upright 
jar  or  beaker,  which  is  then  filled  up  with  water,  and 

allowed  to  stand  until 
the  precipitate  has  sub- 
sided to  the  bottom, 
leaving  the  superincum- 
bent liquid  clear.  The 
latter  is  then  removed 
with  a  syphon  (Fig.  90), 
or  carefully  poured  off, 
and  the  jar  again  filled 
up  with  distilled  water, 
the  process  being  re- 
peated until  all  the 
soluble  matter  has  been 
removed.  The  wet  precipitate  is  then  placed  upon  a  filter, 
or  dried  in  a  dish,  and  weighed. 

Evaporation. 

644.  The  process  of  evaporation  is  generally  most  con- 
veniently effected  m  Berlin  porcelain  evaporatmg  basms, 
either  on  a  sand-bath  or  over  a  lamp,  a  loose  cover  of 
filtering-paper  being  placed  over  it,  if  necessary,  to  prevent 
particles  of  dust  faUmg  into  the  hquid.    Care  must  be 
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taken,  in  quantitative  experiments,  that  no  loss  is  occa- 
sioned by  spurting,  and,  on  tliis  account,  it  is  safer  not  to 
allow  the  liquid  absolutely  to  boil.  Wlien  a  saline  solution 
has  to  be  evaporated  to  dryness,  it  often  becomes  covered, 
when  concentrated,  with  a  peUicle  of  sohd  matter,  pre- 
venting the  escape  of  the  steam,  which,  being  thus  con- 
fined, occasionally  causes  some  of  the  mixture  to  be  pro- 
jected violently  from  the  basin.  The  best  way  of  avoiding 
this,  is  to  stir  the  mixture  constantly  with  a  glass  rod,  from 
the  time  when  the  peUicle  begins  to  form,  until  it  is  evapo- 
rated to  dryness. 

645.  It  is  often  advisable,  and  in  the  case  of  many 
liquids,  as  those  containing  organic  matter,  necessary,  to 
evaporate  over 
a  water-bath; 
by  this  means 
the  heat  is  ne- 
ver allowed  to 
risehigherthan 
212°.  For  this 
purpose,  acom- 
mon  saucepan,  ■ 
or  almost  any 
vessel  used  for  ^ 
boiling  water 
in,  may  be  em- 


Fig.  91. 


ployed,  placing  the  dish  containing  the  solution  over  the 
top,  as  shown  in  figure  91,  so  as  to  expose  it  to  the  action 
of  the  steam.  For  the  laboratory,  a  convenient  form  of 
water-bath  is  shewn  in  figure  92;  it  may  be  made  of 
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Fig.  92.  Hot-Tirater  Bath. 

copper  or  zinc  plate,  and  the  holes  should  be  fitted  with 
fids,  to  cover  them  when  not  wanted. 
646.  A  convenient  method  of  drying  certain  substances 
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wliicli  are  liable  to  decomposition  at  a  sliglitly  elevated 
temperature,  is  to  place 
them  under  tlie  re- 
ceiver of  tlie  air-pump, 
(figure  93),  over  an 
open  pan  of  strong 
sulphuric  acid ;  the 
latter  absorbs  the 
moisture  which  rises 
from  the  substance, 
and  a  gradual  and 
complete  desiccation 
may  be  effected  at 
ordinaiy  temperatures 


Fig.  93.  Desiccation  over  Sulpliircic 
Acid. 


The  dishes  or  tubes  containing 
the  substance  to  be  dried,  may  be  placed  on  a  sheet  of 
perforated  zinc,  restiag  on  the  pan 
of  acid.  If  an  air-pump  is  not  at 
hand,  the  same  effect  may  be  pro- 
duced, though  more  slowly,  by  placing 
the  receiver  inclosing  the  substance 
and  acid,  upon  a  flat  piece  of  glass  ;  or 
the  temporary  aiTangement  shewn  ia 
figure  94,  may  be  adopted,  a  being  a 
beaker  containing  sulphm-ic  acid,  over 
which  the  substance  to  be  dried  is 
suspended  in  the  dish  e.  Owing  to 
the  slowness  of  the  evaporation,  this 
method  is  weU  adapted  for  obtaining 
large  and  weU  defined  crystals  from 
saline  solutions,  &c. 
647.  When  a  uniform  temperature  is  required,  higher 
than  212°,  it  may  be  obtained  by  immersing  the  dish  or 
flask  containing  the  substance  to  be  evaporated,  in  a  bath 
of  on  or  some  saline  solution,  the  boiling  point  of  which  is 
near  the  desired  temperature.  Ohve  oil  may  be  heated  to 
nearly  500°  mthout  suffering  much  decomposition,  and 
forms  an  extremely  useful  bath  for  many  pui-poses,  smce, 
by  regulating  the  lamp,  and  placing  a  thermometer  m  the 
oU,  any  lower  temperature  can  readily  be  kept  up.  The 
following  hst  shews  the  boihng  points  of  a  few  satiu-ated 
sahne  solutions,  which  wiU  occasionally  be  found  useful  for 
this  purpose  : — 


Fig.  94.  Desiccation 
o^er  Sulpliuxic 
Acid. 
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A  saturated  solution  (at  60°)  of 


Bitartrate  of  Potash. 

.    boils  at  214° 

Sulpliate  of  Copper 

•       •  )) 

ijiuoraie  oi  x  oiasn 

•      •  jj 

Carbonate  of  Soda 

•  jj 

ooao 
ZZU 

A  Inm  .... 

•       •  ?> 

Borax  

•                •  J5 

Ctdoride  of  Sodium  . 

I) 

224° 

Chloride  of  Calcium 

)S 

230° 

Tartrate  of  Potash  . 

•  >J 

234° 

Mxiriate  of  Ammonia  . 

3J 

236° 

Nitrate  of  Potash 

238° 

Eochelle  Salt  (Tartrate  of  Potash  and  Soda) 

240° 

Nitrate  of  Soda 

?J 

246° 

Acetate  of  Soda  . 

250° 

By  adding  a  farther  quantity  of  most  of  these  salts  to 
the  hot  solutions,  and  thus  making  them  more  concentrated, 
considerably  higher  temperatures  may  be  obtained. 

Ignition. 

648.  It  is  generally  necessary,  previous  to  weighing  a 
precipitate,  in  quantitative  analysis,  to  heat  it  to  redness, 
in  order  to  insure  perfect  diyness.  This  is  usually  done 
in  a  weighed  platinum  or  porcelain  crucible,  either  in  a 
furnace  or  over  a  lamp.  When  the  crucible  is  to  be  heated 
in  the  furnace  or  open  fire,  it  should  be  enclosed  in  one  of 
earthenware,  to  protect  it  from  contact  with  the  coals'  and 
dirt,  a  little  magnesia  being  interposed  between  the  two 
(note  to  580).    If  the  lid  is  made  of  the  form  shewn  in 


Fig.  90. 
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figure  95,  it  may  also  be  used  as  a  capsule,  independently 
of  the  crucible  (fig.  96).  r  j 

649.  When  gas  is  available,  scarcely  any  other  source 

0  2 
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of  lieat  is  necessary  for  the  purpose.  A  small  platinum 
crucible  may  be  heated  to  low  redness  over  tlie  naked 
flame,  resting  on  a  smaJl  wire  triangle  placed  on  the  top 
of  the  chimney  (fig.  97). 

A  mixture  of  gas  and  air,  however,  gives  a  much  more 
intense  heat,  owing  to  the  more  perfect  oxidation  of  the 
combustible  matter :  such  a  mixture  is  easily  obtained 
by  placing  a  small  piece  of  wire  gauze  over  the  chimney, 
and  applying  a  light  to  the  mixture  as  it  rises  through 
the  gauze  (fig.  98) .    The  crucible  may  be  supported  on  a 


Pig.  97  Fig  98.  Fig  99. 

Crucitle  Jaciet  Crucible  Jaciet. 


wire  triangle,  or  in  a  jacket  of  thin  iron  plate,  a  (fig.  99). 
In  this  simple  manner,  a  very  powerful  lamp  fomace  is 
easily  obtained,  which  may  be  varied  in  size  and  form  to 
suit  the  purposes  for  which  it  may  be  required.  Thus,  Mr. 
Hardwich  and  Mr.  Beale  have  succeeded  in  making  a  fur- 
nace admirably  adapted  for  heating  tubes  of  a  considerable 
length.  An  ingenious  arrangement  is  made  for  gradually 
increasing  the  length  of  the  flame  along  the  tube  ;  so  that 
for  such  purposes  as  the  ultimate  analysis  of  organic  sub- 
stances, it  may  be  substituted,  with  great  advantage,  for 
Liebig's  charcoal  furnace.  _ 

650.  Mr.  SoUy  also  has  contrived  a  very  convenient 
form  of  lamp,  in  which  he  mixes  air  with  the  gas  by  means 
of  a  pair  of  double  bellows,  forming  a  series  of  blow-pipe 
jets,  the  combined  action  of  which  is  veiy  powerful  and  is 
capable  of  keepinga  large  platinum  cnxcible  almost  white  hot 
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for  any  lengtliof  time. 
Tlie  gas  pipe  a  (fig. 
100)  joins  the  tube  h, 
bringing  air  from  tlie 
bellows  placed  under- 
neath., forming  in  c  an 
inflammable  mixture : 
this  burns  as  it  issues 
from  the  apertures 
the  burners,  the 


m 


number  of  which  may 
be  multiplied  to  almost  any 


Fi^.  100.  Solly's  Gas  Furnace. 


Fig.  101.  Rose's  Spirit  Lamp. 


extent.  The  crucible  may 
stand  on  a  wire  triangle 
resting  on  the  circle,  and 
the  whole  may  be  sur- 
rounded by  a  jacket  of  thin 
iron  plate,  to  prevent  loss 
of  heat  by  radiation. 

651.  When  gas  cannot 
be  had,  the  best  lamp  for 
heating  a  small  platinum 
crucible  to  redness,  is  that 
known  as  Eose's,  the  form 
of  which  is  shewn  in.  figure 
101 ;  either  alcohol  or  pyr- 
ox;7lic  spirit  may  be  burnt 
in  it. 


Calculation  of  BesuUs. 

652.  When  the  weight  of  a  precipitate  has  been  ascer- 
tamed,  it  is  necessary  to  calculate  that  of  the  constituent 
whose  weight  we  msh  to  learn,  and  this  is  readily  done 
accordmg  to  the  well-known  laws  of  combination  in  defi- 
nite proportions.* 

For  example,  let  us  suppose  that  we  have  to  determine 
the  percentage  of  sulphuric  acid  (SO3)  in  dry  sulphate  of 
soda  (iNaU.bOg) :  we  dissolve  twenty  grains  of  the  salt  in 
water,  precipitate  the  sulphuric  acid  by  means  of  chloride 
of  barium  (403),  and  weigh  the  sulphate  of  baryta  thus 
obtamed :  from  this  we  have  to  deduce  the  weight  of  the 
sulphuric  acid  which  it  contaius ;  and  lastly,  to  calculate 
irom  tills,  the  percentage  equivalent  to  it.   We  find  the 

*  See  Fownes'  "  Manual  of  Chemistry,"  p.  187  et  aeq. 
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weight  of  tlie  sulphate  of  baryta  obtained  to  be  32.50. 
TCn  owing  the  atomic  weight  of  sulphate  of  baryta  (BaO, 
SO3)  to  be  117,  and  that  of  sulphuric  acid  (SO3)  to  be 
40,  it  is  easy  to  calculate  how  much  of  the  acid  is  contaiaed 
in  32.50  grains  of  the  precipitate,  thus  : — 

Ate.  wt.  of  aulph.  of  Ate.  wt.  of  svilpli.  Wt.  of  snlph.  of  Wt.  of  sulpii.  acid 

baryta.  acid.  baryta  obtained.      in  32.50  gra.  of 

 ^  —  ^  '   ,  ^     sulphate  of  baryta. 

117  :  40  ::  32.50       :       x   =  11.11 

Thus  we  find  that  twenty  grains  of  the  dry  sulphate  of  soda 
contain  11.11  of  sulphuric  acid  ;  and  we  hare  now  only  to 
reduce  it  to  a  percentage,  to  complete  the  calculation, 
thus : — 

20  :  11.11  : :  100  :  x  =  55.55  sulphnric  acid  in  100  parts  of  dry  sulphate  of 
soda.  Or,  as  20  is  the  fifth  part  of  100,  the  same  result  may  be  obtained  by 
simply  multiplying  by  5.   11.11  x  5  =  55.55. 


CHAPTEE  n. 

EXAMPLES  OP  QUANTITATIVE  ANALYSIS. 

653.  In  the  foUowiag  examples  it  is  assumed  that  the 
nature  of  the  substances  has  been  already  ascertained  by  a 
qualitative  examination;  since  it  is  always  necessary,  before 
proceeding  to  estimate  the  constituents  of  a  compound, 
that  we  should  know  what  those  constituents  are. 

SECTION  I. 

Quantitative  Analysis  of  Sulphate  of  Copper. 
(CuO,S03+5Aq.) 

Estimate  the  quantity  of  oxide  of  copper  (CuO),  sulphuric 
acid  (SO3),  and  water  (HO),  in  sulphate  of  copper. 

(1.)  Estimation  of  the  Oxide  of  Copper. 
654,.  Dissolve  twenty  grams  of  the  salt  in  eight  or  ten 
ounces  of  water,  in  an  evaporating  basm,  and  gently  boil 
the  solution.  Add  to  it,  while  boihng,  a  solution  of  caiistic 
potash  iu  sUght  excess,  which  will  throw  down  the  black 
oxide  of  copper  (370). 

Cu  0,  SO,-\-KO=CuO + KO,SO,. 
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The  mixture  is  poured  upon  a  filter  (636),  and  care- 
fully washed  with  boiling  water,  untU  the  whole  of  the 
soluble  matter  is  removed.  The  precipitate  in  the  filter  is 
then  dried,  separated  from  the  filter,  ignited,  and  weighed. 

When  the  precipitate  consists,  as  in  this  case,  of  the  sub- 
stance whose  weight  we  wish  to  ascertain,  uncombined 
with  other  matter,  we  have  only  to  reduce  the  amount  thus 
obtained,  to  a  percentage,  thus  : — 

20  :  weight  of  the  precipitate  of  oxide  :  :  100  :  a;  =  percentage  of  oxide  of 
copper.    Or,  in  other  words,  multiply  the  weight  by  5. 

(2.)  Estimation  of  the  Sulphuric  Acid. 

655.  The  acid  may  be  estimated  either  from  the  same 
portion  of  the  substance  as  was  used  in  determining  the 
oxide  (in  which  case  the  solution  filtered  from  the  preci- 
pitated oxide  must  be  concentrated  by  evaporation  (644) ), 
or  a  fresh  portion  of  the  salt  maybe  used.  The  latter 
method  is  in  this  case  the  simplest. 

656.  Dissolve  twenty  grains  of  the  sulphate  in  water  as 
before,  acidify  it  with  a  few  drops  of  nitric  acid,  and  add  a 
solution  of  chloride  of  barium  {Bad)  as  long  as  it  causes 
any  precipitate.  Sulphate  of  baryta  (BaO.SOg)  is  thus 
thrown  down  (403),  and  the  whole  of  the  sulphuric  acid  is 
in  this  way  removed  from  the  solution.  As  the  mixture  in 
its  present  state  would  not  filter  well  (638),  it  is  advisable 
to  boH  it  before  filtering,  when  it  will  be  found  that  the 
solution  will  pass  tkrough  clear.  The  precipitate  is  well 
washed  with  hot  water  on  the  filter,  dried,  ignited  in  a  pla- 
tinum or  porcelain  crucible,  and  weighed.  Then,  knowing 
the  atomic  weight  of  sulphate  of  baryta  to  be  117,  and  that 
of  sulphuric  acid  (SO3)  to  be  40,  or,  in  other  words,  that 
every  117  parts  of  the  former  contain  40  of  the  latter,  it  is 
easy  to  calculate  the  quantity  of  sulphuric  acid  contained 
in  the  precipitate,  thus  : — 

.  fThe  sulphuric  acid  in^ 

117  :  40  :  :  weight  of  the  precipitate  :  x  =  iW  grains  of  sulphate  f 

C  of  copper.  ) 

which  number,  multiplied  by  five,  wiU  represent  the  per- 
centage  of  sulphuric  acid  in  crystaUized  sulphate  of  copper. 

(3.)  Estimation  of  the  Water. 

657.  The  water  is  estimated  by  heating  20  grains  on 
the  sand-bath  m  a  counterpoised  crucible,  at  a  tempera- 
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ture  of  about  400°,  until  it  ceases  to  lose  weight :  in  tliis 
way  the  water  is  expeUed,  and  its  quantity  is  shewn  by  the 
loss  of  weight,  which  when  multiphed  by  five,  will  give 
the  percentage  of  water.* 


Quantitative  Analysis  of  Chloride  of  Potassium  (KCl). 


Estimate  the  quantity  of  potassium  and  chloriae  in  the 

chloride. 


658.  Dissolve  twenty  grains  of  the  salt  in  as  small  a 
quantity  of  water  as  possible,  in  an  evaporating  basin ;  add 
bichloride  of  platinum  to  the  solution,  and  evaporate  the 
mixture  to  diyness  on  a  water-bath  (645).  Treat  the  re- 
sidue with  alcohol,  to  dissolve  out  the  excess  of  the  bi- 
chloride, and  wash  the  insoluble  double  chloride  of  pla- 
tinum and  potassium  (185)  with  fresh  alcohol,  on  a  weighed 
filter  (641).  If  it  is  found  that  the  alcohol  which  is  added 
to  the  evaporated  residue,  does  not  become  sensibly  coloured 
yeUow,  it  is  owing  to  there  being  no  excess  of  chloride  of 
platinum  present ;  that  salt  having  been  added  in  too  small 
quantity.  In  this  case,  a  little  more  chloride  of  platinum 
should  be  added,  and  the  mixture  again  evaporated  as 
before,  and  subsequently  ti-eated  with  alcohol.  The  pre- 
cipitate is  then  dried  on  the  filter,  at  a  moderate  heat,  and 
weighed. 

659.  The  atomic  weight  of  the  double  chloride  (KCl.Pt 
CI2)  being  247,  and  that  of  potassium  being  40,  we  de- 
duce the  quantity  of  potassium  contained  in  the  twenty 


SECTION  II. 


(1.)  Estimation  of  the  Potassium. 


grains  of  the  chloride,  thus : — 
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and,  lastly,  it  is  reduced  to  a  percentage,  thus  : — 

fWt.  of  potassium  con-~) 
30    :    \  tained  in  20  grains  of  >•   :  :  100  :  percentage  of  potassiiom. 
(.the  chloride  ) 

or  the  same  result  may  be  obtained  by  multiplying  by  five. 

(2.)  Estimation  of  the  Chlorine. 

660.  Twenty  grains  of  tbe  chloride  are  dissolved  in  three 
or  four  ounces  of  water,  as  before ;  the  solution  is  then 
heated,  acidified  with  a  few  drops  of  nitric  acid,  and  treated 
with  a  solution  of  nitrate  of  silver,  as  long  as  it  causes  any 
precipitate  (429,  633). 

KCl+AgO,NO,=A.gC\+KO,NO,. 

The  mixture  is  then  boiled  for  a  few  minutes  (as  other- 
wise a  portion  of  the  precipitate  would  pass  tlirough  the 
pores  of  the  paper  (638)  )  and  filtered.  The  precipitated 
chloride  of  silver  is  thoroughly  washed  with  distilled  water 
on  the  filter,  and  dried ;  it  is  then  removed  from  the  paper, 
and  gently  ignited  in  a  counterpoised  porcelain  crucible, 
untD.  it  fases  into  a  waxy  mass,  and  weighed. 

661.  The  atomic  weight  of  chloride  of  silver  is  144,  and 
that  of  chlorine  36,  so  that  we  deduce  the  weight  of  the 
chlorine  from  that  of  the  chloride,  thus : — 

144  :  36  : :  wt.  of  the  chloride  of  silver  :  (  ^t.  of  chlorine  contained  in  20  j 

(,  gi-arns  01  chloride  oi  potassium.  3 

Then,  for  the  percentage,  multiply  by  five. 

SECTION  III. 

Quantitative  Analysis  of  a  mixture  of  Sulphate  of  Copper 
(CuO,S03+5Ac[)  and  Chloride  of  Sodium  (NaCl). 


Estimate  the  quantity  of  oxide  of  copper  (CuO),  sodium, 
sulphuric  acid  (SO3),  chlorine,  and  water  in  the  mixture. 


(1.)  Estimation  of  the  Water. 

662.  The  water  is  estimated  in  the  manner  described  in 
paragraph  (657). 

(2.)  Estimation  of  the  Oxide  of  Copper. 

663.  Dissolve  twenty-five  grains  of  the  mixture  in  water, 
acidify  the  solution  with  a  few  drops  of  hydrochloric  acid,' 
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put  it  into  a  beaker,  and  pass  tlirougli  it  a  stream  of  liydro- 
sulpliimc  acid,  imtil  it  is  saturated  (701) ;  tlie  whole  of  the 
copper  is  in  this  way  thrown  down  as  sulphide  (368). 
Filter,  and  wash  the  precipitate  mth  distilled  water,  which 
should  contain  in  solution  a  Httle  hydrosulphui-ic  acid,  as 
otherwise  a  trace  of  copper  is  liable  to  become  oxidised  and 
dissolved.  The  clear  solution,  together  with  all  but  the 
last  washinffs,  is  set  aside  for  subsequent  examination  (664). 
The  washed  precipitate  of  sulphide  of  copper  is  now  for  the 
most  part  separated  from  the  filter,  which  latter  is  to  be 
burnt,  and  the  ashes  added  to  the  rest  of  the  precipitated 
sulphide.  The  precipitate,  contaiaiag  the  whole  of  the 
copper,  is  then  digested  ia  strong  nitric  acid,  until  the 
whole  of  the  precipitate  is  dissolved,  or  until  nothing 
remains  undissolved  but  a  little  sulphur,  of  a  pale  yellow 
colour.  The  acid  solution  thus  obtained  is  diluted  with 
water,  and  filt»red,  if  necessary,  from  the  undissolved  sul- 
phur. The  whole  of  the  copper  is  now  contained  in  the 
solution  as  nitrate.  The  copper  is  next  to  be  thrown  down 
as  oxide  by  potash,  dried,  and  weighed,  in  the  manner 
already  described  (654).  The  percentage  is  calculated  as 
follows  : — 

25  :  wt.  of  oxide  obtained  : :  100  :  percentage  of  oxide  of  copper  in  the 
mixture.  Or,  as  25  is  the  fourth  part  of  100,  the  same  result  is  arrived  at  by 
simply  multLplying  the  weight  of  the  oxide  obtained,  by  4. 

(2.)  Estimation  of  the  Soditim. 

664.  The  chloride  of  sodium  contained  in  the  solution 
filtered  from  the  sulphide  of  copper,  is  concentrated  by 
evaporation,  and  then  converted  into  sulphate  of  soda 
(ISTaOjSOg),  by  evaporating  to  dryness  with  a  slight  excess 
of  strong  sulphuric  acid. 

NaCl+SO,SO^='NiiO,SO;+B:Cl. 
The  residue  is  gently  ignited  in  a  counterpoised  covered 
crucible,  in  which  a  fragment  of  carbonate  of  ammonia  is 
suspended  by  means  of  a  strip  of  platinum  foil,  and  weighed ; 
the  weight  of  the  sodium  is  thus  calculated : — 

„    ,  ,       ,       .i  _L        J-        Wt.  of  sulph.  of  Sodium  in  25  grs. 
At.wt.ofsulph.soda.    At.  wt.  of  sodium,    goda  obtained.        of  mixture! 

72  :  24  : :  a  :  x 

which,  when  multiplied  by  four,  gives  the  percentage  of 
sodium. 
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(3.)  Estimation  of  the  Sulphuric  Acid. 

665.  A  second  portion  of  twenty-five  grains  of  tlie  mix- 
ture is  dissolved  in  water,  for  the  purpose  of  estimating 
the  snlphiu-ic  acid  and  cKLorine. 

Add  to  it  fii-st,  a  solution  of  nitrate  of  baryta,  as  long  as 
it  causes  any  precipitate,  and  boil  the  mixture  for  a  few 
minutes  to  prevent  any  of  the  finely  divided  sulphate  of 
baryta  passing  through  the  filter  (638).  The  precipitate 
is  washed,  dried,  and  weighed,  the  clear  solution  being 
reserved  for  estimating  the  chlorine  (666) ;  the  quantity 
of  sidphuric  acid  is  then  calculated  in  the  manner  already 
described  (656),  twenty -five  being  substituted  for  twenty 
in  the  calculation. 

(4.)  Estimation  of  the  Chlorine. 

666.  The  solution  filtered  from  the  sulphate  of  baryta 
(665),  together  with  the  first  washings,  is  heated  in  an 
evaporating  basin,  over  a  lamp,  and  treated  with  nitrate  of 
silver  as  long  as  it  causes  any  precipitate  (429).  The  chlo- 
ride of  silver  thus  formed  is  filtered,  dried,  and  weighed; 
and  the  weight  of  the  chlorine  deduced  from  it  in  the 
manner  described  in  (660),  twenty-five  being  substituted 
for  twenty  in  the  calculation. 

Thus  the  percentage  of  oxide  of  copper,  sodium,  sul- 
phuric acid,  chlorine,  and  water,  will  have  been  ascertained. 


SECTION  IV. 

Qtiantitative  Analysis  of  a  mixture  of  Sulphate  of  Zinc 
(ZnO,S03+7Aq)  and  Carbonate  of  Baryta  (BaO,C02). 


Estimate  the  qtiantity  of  water,  sulphuric  acid,  oxide  of 
zmc,  carbonic  acid,  and  baryta,  in  the  mixture. 


667.  Twenty  graias  of  the  mixture  are  to  be  boiled  with 
three  or  four  ounces  of  water,  which  will  dissolve  out  the 
sulphate  of  zinc  from  the  carbonate  of  baryta.  The 
mixture  is  filtered,  and  the  insoluble  portion  washed  until 
the  washings  leave  no  residue  when  evaporated  on  plati- 
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num  foil.  The  solution  contains  the  whole  of  the  sulphate 
ot  zmc,  while  the  carbonate  of  baryta  remains  iindis- 
(671)  '  retained  for  subsequent  examination 

(1.)  Estimation  of  the  Oxide  of  Zinc. 

668.  The  solution  is  treated  with  carbonate  of  potash 
as  long  as  it  causes  any  precipitate,  and  then  boiled.  The 
zmc  18  thus  thrown  down  as  a  basic  carbonate  257) ;  the 
precipitate  is  washed  on  a  filter,  dried,  and  ignited,  when 
the  water  and  carbonic  acid  of  the  compound  are  ex- 
pelled, and  pure  oxide  of  zinc  (ZnO)  remains,  which  is 
weighed;  the  weight  thus  obtained,  multiphed  by  five 
gives  the  percentage  of  oxide  of  ziac. 

(2.)  Estimation  of  the  Sulphuric  Acid. 

669.  The  solution  filtered  from  the  precipitated  carbo- 
nate of  zinc,  is  now  supersaturated  with  niti-ic  acid,  and 
boiled  to  expel  the  carbonic  acid ;  chloride  of  barium  is 
added,  and  the  mixture  is  boiled  for  a  few  minutes  to 
darily  it  (638) ;  the  sulphate  of  baryta  thus  obtained  is 
washed,  dried,  ignited,  and  weighed  as  already  described 
(656),  and  the  weight  of  the  sulphuiic  acid  which  it  con- 
tains, calculated  as  before. 

(3.)  Estimation  of  the  Water. 

670.  The  water  may  be  determined  by  heating  the 
mixture  on  the  sand-bath,  as  described  in  (657). 

(4.)  Estimation  of  the  Bm^yta. 

671.  The  residue  which  was  msoluble  in  water  (667),  is 
now  removed  fi-om  the  filter  into  a  small  beaker,  and  dis- 
solved in  dilute  hydrochloric  acid,  a  gentle  heat  being  ap- 
plied, if  necessary.  In  this  way,  the  carbonate  is  decom- 
posed, carbonic  acid  is  given  off,  and  chloride  of  barium 
remains  in  solution. 

BaO,C03+^CT=J?aCT-t-^0+ COj. 

The  solution  thus  obtained  is  treated  with  dilute  sulphuric 
acid,  as  long  as  any  precipitate  is  produced,  ana  then 
boiled :  the  precipitate  is  separated  by  filtration,  washed, 
dried,  ignited,  and  weighed. 
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The  atomic  weight  of  sulphate  of  baryta  being  117,  and 
that  of  baryta  being  77,  the  quantity  of  tlie  latter  ia  the 
precipitate  is  calculated  as  foUows  : — 

CWt.  of  baryta  contained') 
117  :  77  :  :  wt.  of  sulphate  of  baryta  obtained  :  ^  in  20  grains  of  the  mix-  >■ 

(.ture.  ) 

(5.)  Estimation  of  tJie  Carbonic  Add. 

672.  The  carbonic  acid  is  estimated  by  decomposing  the 
carbonate  with  hydi'ochloric  acid  in  a  flask,  and  deter- 
mining the  amount  of  loss,  as  described  in  paragraph  (174). 

SECTION  V. 

Quantitative  Analysis  of  Magnesian  Limestone  ;  consisting 
of  Carbonate  of  Lime  (CaO.COJ,  Carbonate  of  Magnesia 
(MgCCOg),  Peroxide  of  Iron  (FeoOg),  a  little  Silica 
(SiOg),  and  moisture. 


Determine  the  quantity  of  lime,  magnesia,  peroxide  of  iron, 
carbonic  acid,  silica,  and  moisture,  ia  magnesian  hme- 
stone.  Eeduce  about  100  grains  of  the  mineral  to  mode- 
rately fine  powder.   

(1.)  Estimation  of  the  Hygroscopic  Moisture. 

673.  Weigh  fifty  grains  of  the  poimded  mineral  in  a 
small  counterpoised  crucible  or  evaporating  dish,  and  dry 
it  on  a  water-bath,  or  on  the  hot  part  of  the  sand-bath  : 
weigh  it  at  intervals  of  a  quarter  or  half  an  hour,  until  it 
ceases  to  lose  weight  (630).  The  loss  will  be  the  quantity 
of  moisture  m  fifty  grains,  which,  when  mtdtiplied  by  two, 
wiU.  give  the  percentage. 

(2 )  Estimation  of  the  Silica. 

674.  Weigh  twenty-five  grains  of  the  pounded  mineral 
m  a  counterpoised  flask,  moisten  it  with  a  Httle  water,  and 
add  dilute  hydrochloric  acid  in  smaU  quantities,  to  avoid 
too  violent  efiervescence  (419).  When  the  gi-eater  part  is 
dissolved,  warm  it  with  a  Httle  fresh  acid,  which  will  dis- 
solve everything  but  the  smaU  quantity  of  sdica.  The 
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mixture  is  now  filtered,  and  tlie  precipitate  tliorougUy 
waslied,  tlie  solution  being  retained  for  subsequent  exami- 
nation (675) ;  the  filter  containing  the  precipitate  is  then 
ignited  and  weighed.  The  weight  of  the  siliceous  residue, 
multiplied  by  four  (25  X  4=100),  gives  the  percentage  of 
silica  in  the  stone. 

(3.)  Estimation  of  the  Peroxide  of  Iron. 

675.  The  acid  solution  filtered  from  the  siliceous  residue, 
is  now  neutralized  with  ammonia,  and  a  few  drops  of  hydro- 
sulphate  of  ammonia  are  added,  which  will  throw  down  the 
iron  as  the  black  sulphide  (279).  This  is  to  be  filtered 
and  carefully  washed,  the  solution  being  retained  for  fiu'ther 
examination  (676) ;  when  the  whole  of  the  soluble  matter 
is  removed,  the  filter,  with  the  moist  precipitate,  is  di- 
gested in  hydrochloric  acid,  until  the  black  suljjhide  is 
entirely  decomposed,  and  nothing  but  sulphm*  remains 
undissolved.  The  solution  is  now  diluted,  and  separated 
by  filtration  from  the  sulphur  and  fi-agments  of  the  first 
filter,  which  must  be  well  washed  to  remove  the  whole  of 
the  soluble  matter.  The  solution  is  well  boiled  to  expel 
the  hydrosulphuric  acid,  and  then  heated  with  a  little 
nitric  acid,  for  the  purpose  of  peroxidizing  the  ii'on.  Am- 
monia is  now  added  in  slight  excess,  which  precipitates  the 
whole  of  the  iron  as  hydrated  peroxide  (280).  The  preci- 
pitate is  filtered,  dried,  ignited,  and  weighed.  The  weight, 
multiplied  by  four,  gives  the  percentage  of  peroxide  of  iron 
in  the  mineral. 

(4.)  Estimation  of  the  Lime. 

676.  The  solution  filtered  fii-om  the  sulphide  of  iron,  is 
now  to  be  boiled  with  a  shght  excess  of  hydrochloric  acid, 
to  decompose  the  excess  of  hydrosulphate  of  ammonia,  and 
expel  the  hydrosulphuric  acid  :  when  the  smell  of  that  gas 
is  no  longer  perceptible,  filter  the  solution,  if  necessary, 
from  any  sulphur  that  may  have  been  precipitated,  and 
neutralize  the  clear  solution  with  ammonia ;  after  which 
add  oxalate  of  ammonia  as  long  as  it  causes  any  precipi- 
tate (633).  This  tlirows  down  the  hme  as  oxalate  (218), 
wliile  the  magnesia  remains  in  solution,  not  being  precipi- 
tated by  oxalate  of  ammonia  in  the  presence  of  mvmate  of 
ammonia,  which  is  contained  in  the  solution.    The  mixture 
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is  boiled  (638),  and  filtered,  andtlie  precipitate  washed  and 
dried ;  tlie  solution  being  retained  for  subsequent  examina- 
tion (677).  The  oxalate  of  bnie  is  now  removed  from  the 
filter,  and  ignited,  by  which  means  it  is  decomposed,  and 
converted  into  carbonate  of  lime  :  at  a  red  heat,  however, 
a  portion  of  the  newly  formed  carbonate  is  decomposed, 
the  carbonic  acid  being  expelled,  and  thus  leaving  a  httle 
caustic  lime  (CaO)  mixed  with  the  carbonate.  When  cool, 
it  is  moistened  with  a  solution  of  carbonate  of  ammonia, 
and  agaia  gently  heated,  to  expel  the  excess  of  carbonate 
of  ammonia :  the  whole  of  the  Hme  is  thus  converted  into 
carbonate,  in  which  state  it  is  weighed. 

The  atomic  weight  of  carbonate  of  Hme  being  50,  and  that 
of  lime  28,  the  weight  of  the  latter  is  thus  calculated : — 

50  :  28  : :  wt.  of  carbonate  obtained  :  l"*^*-  of  lime  contained  in  25] 

grains  oi  the  mineral.  ) 

which  number,  multiphed  by  four,  gives  the  percentage  of 
lime. 

(5.)  jEstimation  of  the  Magnesia. 

677.  The  solution  filtered  from  the  oxalate  of  lime  is 
now  to  be  concentrated  by  evaporation,  and  treated  with  a 
mixtui-e  of  phosphate  of  soda  and  a  considerable  excess  of 
caustic  ammonia ;  when  the  mixture  is  set  aside  for  a  few 
hom-s,  being  sthred  at  intervals  with  a  glass  rod.  The 
magnesia  is  thus  thrown  down  as  the  double  phosphate  of 
ammonia  and  magnesia  (206).  Before  filtering,  a  little 
of  the  mixture  should  be  tested  with  a  few  drops  more 
phosphate  of  soda,  and  allowed  to  stand  a  short  time; 
when,  if  no  fresh  precipitate  is  formed,  it  may  be  con- 
cluded that  a  sufacient  quantity  of  the  precipitant  has  been 
added. 

The  mixture  is  now  filtered,  washing  always  with  water 
contaitiuig  a  httle  free  ammonia,  as  the  double  phosphate 
is  shghtly  soluble  in  pure  water  (any  of  the  precipitate  that 
adheres  to  the  sides  of  the  glass  being  separated  by  means 
of  a  feather,  which  must  be  well  washed  from  all  adhering 
particles),  and  the  precipitate,  after  drymg,  is  ignited  in  a 
small  coimterpoised  platinum  or  porcelain  crucible,  and 
weighed.  Durmg  ignition,  the  double  phosphate  is  decom- 
posed mto  phosphate  of  magnesia  (2MgO,POg),  the  water 
and  ammonia  bemg  driven  off  (206). 

The  atomic  weight  of  the  phosphate  of  magnesia  thus 
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formed,  being  112,  and  tliat  of  magnesia  20,  the  quantity  of 
magnesia  contaiaed  in  tlie  precipitate  is  tlius  calculated : — 

112  :  40*  : :  wt.  of  phosphate  :  wt.  of  magnesia  in  25  grs.  of  the  mineral, 

whidi,  wlien  multiplied  by  four,  gives  tbe  percentage  of 
magnesia  in  tbe  mineral. 

(6.)  Estimation  of  the  Carbonic  Acid. 

678.  The  carbonic  acid  is  estimated  iu  the  manner 
described  ia  paragraph  (174). 

679.  Thus  we  shall  have  determined  the  percentage  of 
the— 

Water  

SOica  ..... 
Peroxide  of  iron  .... 
Lime  ...... 

Magnesia  

Carbonic  acid  .... 
Loss  


100.00 


which,  when  added  together,  ought  to  amount  to  about  99 
or  99.5  ;  and  the  small  deficiency,  always  inevitable  in  such 
analyses,  is  put  down  as  "loss,"  to  make  up  the  100  parts. 

SECTION  VI.' 

Quantitative  Analysis  of  Copper  Pyrites;  consisting  of 
Copper,  Iron,  SulpJmr,  Silica  [Quartz),  and  Moisture. 


Determine  the  quantity  of  copper,  iron,  sulphur,  sihca,  and 
moisture  in  copper  pyrites. 


(1.)  Estimation  of  the  Moisture. 

680  Dry  100  grains  of  the  pounded  pyrites  on  the 
sand-bath,  in  a  counterpoised  cracible  or  dish :  the  loss 
is  the  percentage  of  moistui-e. 

»  40  =  20  X  2  ;  because  each  equivalent  of  the  phosphate  (2MgO,P05)  con- 
tains two  equivaieuts  of  magnesia. 
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681.  Boil  33.33  grains  of  the  poimded  mineral  in  aqua 
regia  (698)  until  tlie  sulphur  which  remains  undissolyed, 
collects  into  a  yellowish  porous  lump.  DUute  the  acid 
mixtui-e  with  two  or  three  times  its  bulk  of  water ;  filter, 
and  wash  the  insoluble  residue  (consisting  of  sulphur  and 
sUica)  until  the  whole  of  the  soluble  matter  is  separated 
from  it  (636) ;  reserve  the  insoluble  residue  for  further 
examination  (684). 

682.  As  the  nitric  acid  present  in  the  aqua  regia,  would 
interfere  with  the  action  of  the  hydrosulphuric  acid  made 
use  of  in  a  subsequent  stage  of  the  analysis,  it  should  be 
expelled  by  evaporation  with  a  slight  excess  of  hydrochloric 
acid  (562). 

(2.)  Estimation  of  the  Sulphur. 

688.  A  portion  of  the  sulphur  will  have  become  oxidized 
by  the  action  of  the  nitric  acid  in  the  aqua  regia ;  and  the 
sulphimc  acid  thus  formed,  will  be  contained  m  the  filtered 
hqmd,  m  combmation  with  the  oxides  of  copper  and  iron 

Add  chloride  of  barium  to  the  solution  as  lono-  as  "it 
causes  a  precipitate  (403) ;  boil  the  mixtui-e ;  filter,  wash 
and  Ignite  the  precipitate.  From  the  weight  of  the  sulphate 
ot  baryta  thus  obtained,  that  of  the  sulphur  from  which 
the  sulphuric  acid  was  derived,  may  be  ascertained  bv  the 
lollowing  calculation  : —  ^ 

^^■^■^^^V^^i^  Atc  wt.of  Wt.  of  sulphate  of  Wt  ofsulohur 
.    "fbaiyta.     ^       ^^^^        baryta  obtamed.^  dissoK 

117  :     ■       JT^  I  ^    ^  J  ' 

684.  The  weight  of  the  sulphur  which  resisted  the  action 
of  the  aqua  regia  (681),  must  now  be  estimated.  The  undis 
solved  residue  is  to  be  thoroughly  dried  at  212°  and 
weighed:  It  is  then  graduaUy  heated  to  redness 'in  a 
counterpoised  or  weighed  porcelain  crucible,  untU  the 
whole  of  the  sulphur  is  burnt  ofi",  when  it  must  be  again 
weighed,  the  loss  c  uring  ignition  being  of  course  the 
sidphur  This  weight  must  be  added  to  that  alreadv 
deduced  from  the  sulphate  of  baryta  (683),  which,  toSeJ 
^  give  the  quantity  ofsulphur  contained  in  33  33  S 
of  the  mmeral,  or  one-tMrd  of  the  percentage.  ^ 

(3)  Estimation  of  the  Silica. 
685  The  sihceous  matter  is  left  after  the  expulsion  of 
the  sulphur,  by  ignition,  from  the  residue  insoluE  aqua 
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regia.*  The  percentage  is  obtained  by  multiplying  by 
tkree. 

(4.)  Estimation  of  the  Copper. 

686.  Tbe  solution  filtered  from  the  sulphate  of  baryta 
(683),  containing  a  slight  excess  of  chloride  of  barium,  is 
now  treated  mth  a  slight  excess  of  sulphuric  acid,  to  remove 
the  superfluous  baryta,  which  is  separated  by  filtration. 
The  clear  liquid  is  then  subjected  to  a  current  of  hydrosul- 
phuric  acid  gas  as  long  as  any  precipitate  is  produced,  and 
filtered.  The  sulphide  of  copper  thus  formed  is  treated  in 
the  manner  described  in  (663),  and  from  the  weight  of  the 
oxide  (CuO),  that  of  the  copper  is  calculated  thus : — 

Ate.  wt.  of  oxide  of      Ato.  wt.  of      Wt.  of  oiide      Wt.  of  copper  in  33.33 
copper.  copper.  obtained.        ^     grs.  of  pyrites.  ^ 

ST  '  :  32  :  :         a  :  a; 

which,  when  multiplied  by  three,  represents  the  percentage 
of  copper  in  the  mineral. 

(5.)  Estimation  of  the  Iron. 

687.  The  solution  filtered  from  the  sulphide  of  copper, 
must  now  be  boiled  to  expel  the  excess  of  hydrosulphuric 
acid,  filtered,  if  necessary,  from  sulphur,  and  afterwards 
heated  with  a  little  nitric  acid,  for  the  purpose  of  per- 
oxidizing  the  iron  (269).  Ammonia  is  added  m  shght 
excess :  this  throws  down  the  iron  as  hydrated  peroxide 
(280),  which  is  to  be  filtered,  dried,  ignited,  ajid  weighed. 
The  weight  of  the  iron  contained  in  the  precipitate  is  thus 
calculated : — 

Ate.  wt.  of  peroxide      Ate  .  wt.      Wt  ofo.tide  of  iron  contam^^^^^ 

ofirmi  of  iron.        obtamed.  dd.dJ  gis.  oi  pnues. 

V   ^  - — , — '  ,  '         '  '  ■ 

2o  :        28       ::  a  =  ^ 

688.  The  quantities  thus  obtauied,  should,  when  added 

*  A  ti-ace  of  tin  is  occasionaUy  found  in  the  Pyrites  and  ^v•ill  be  contained  in 
fl,^.,  ^«id,iP  as  neroxide  (SnO,).  It  may  be  detected  by  the  blowpipe  (3/9), 
this  3;°^^,''^  Pf™?',^,J-nt  t^^^  residue  is  boiled  with  hydrochloric  acid  to 
and  if  fo"°d  to  be  piesent  the  r^^^^  ^^^^^^^  ^^^^  ^^^^^^^ 

Kts  ffl  e  e'd,rdtnl^^^^^^^  P-'oxide  by  boihug  «dth  nitric  acid  ;  the. 
yauK.i)  "  "^"^  ;„  +i,p„  p^^^pllpd  bv  evaporahou,  when  the  peroxide  of  tin,  U 
;?L"nt"fieLXa^^^^^^  -'S^^^'  ^^'^'ebt  deducted  from 

that  of  the  siliceous  residue. 


EXAMPLES  OF  QUANTITATIVE  ANALYSIS.  211 

togetlier,  amount  to  a  fraction  less  than  100,  tlie  deficiency 
being,  as  before,  set  down  as  "  loss"  : — 

Copper   

Iron  

SulplLur  

Silica 

Tia(?)  

Moisture  

Loss  


100.00 
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689.  The  following  is  a  list  of  the  reagents,  &c.,  usually 
employed  in  testing  and  analysis  : — 

Sulphuric  acid,  strong  and  dilute. 
Hydrochloric  acid. 
Nitric  acid. 

Nitrohydrochloric  acid  (aqua  regia). 
Oxalic  acid. 
Acetic  acid. 

Hydrosulphuric  acid  (sulphuretted  hydrogen). 
Ammonia. 

Hydrosulphate  of  anamonia. 

Carbonate  of  ammonia. 

Oxalate  of  ammonia.  .  . 

Phosphate  of  soda  and  ammonia  (microcosmic  salt). 

Potash. 

Caa-bonate  of  potash. 
Nitrate  of  potash. 
Iodide  of  potassium. 
Chromate  of  potash. 

Cyanide  of  potassium.  e  f„oi,\ 

rerrocyanide  of  potassmm  (yellow  prussiatc  of  po  ash). 
Ferridcyanide  of  potassium  (red  prussiate  of  potash). 
Antimoniate  of  potash. 
Carbonate  of  soda. 
Phosphate  of  soda. 
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Borax. 
Lime  water. 
Sulphate  of  lime. 
Chloride  of  calcium. 
Chloride  of  barium. 
Nitrate  of  baryta. 
Perchloride  of  iron. 
Nitrate  of  cobalt. 
Sulphate  of  copper. 
Ammonio-sulphate  of  copper. 
Acetate  of  lead. 
Subacetate  of  lead. 
Nitrate  of  silver. 

Ammonio-nitrate  of  silver.  * 

Perchloride  of  mercury. 

Protochloride  of  tin. 

Perchloride  of  gold. 

Bichloride  of  platinum. 

Sulphate  of  indigo. 

Solution  of  starch. 

Black  flux. 

DistiUed  water. 

Alcohol. 

Litmus  and  turmeric  paper. 

690.  Most  of  these  substances,  as  they  are  met  with  in 
commerce,  being  always  more  or  less  impure  ;  and,  as  those 
even  which  are  sold  in  the  shops  as  pure  reagents,  are  not 
unfrequently  found,  on  examination,  to  be  otherwise ;  it  is 
always  necessary,  before  taking  a  reagent  into  use,  to  ascer- 
tain by  experiment  whether  it  is  of  sufEcieat  purity  for  the 
purposes  for  which  it  is  intended.  It  may  be  stated  as  a 
general  rule,  that,  when  a  chemical  substance  is  required 
for  use  in  analysis,  it  ought  to  be  as  nearly  pure  as  pos- 
sible ;  while,  for  many  of  the  other  operations  of  chemistry, 
the  substances  which  are  usually  met  with  in  commerce 
are  sufficiently  pure.  The  following  brief  remarks  relative 
to  the  more  common  impurities  of  reagents,  together  with 
their  principal  uses,  will  probably  be  found  useful  to  the 
student. 

Sulphuric  Acid  {IIO,SO^. 

691.  Sulphuric  acid,  as  found  in  commerce,  is  never 
pure.    The  most  common  impurities  are  sulphate  of  lead 
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(PhO,SO.;),  nitric  acid  (NO^),  or  binoxide  of  nitrogen  (iVOa), 
and  occasionally  arsenic,  and  other  saline  matters. 

(a)  If  it  contains  tlie  first,  it  will  become  turbid  when 
diluted  with  four  or  five  times  its  bulk  of  water,  owing  to 
the  sulphate  of  lead,  which  is  soluble  in  the  strong  acid, 
being  insoluble  in  the  dilute. 

(b)  Nitric  acid,  or  the  binoxide  of  nitrogen,  is  detected 
by  warming  a  little  of  the  acid  in  a  test  tube,  with  a  small 
crystal  of  protosulphate  of  iron  (449) ;  or  by  boihng  a 
small  portion  tinged  with  a  solution  of  sulphate  of  indigo, 
when,  if  nitric  acid  is  present,  the  blue  colour  will  disap- 
pear (452). 

(c)  Arsenic  may  be  detected  by  Marsh's  test  (313). 

(d)  Any  fixed  saline  impurity  remains  as  a  residue  when 
a  few  drops  of  the  acid  are  evaporated  on  platinum  foil. 

692.  The  uses  of  sulphuric  acid  are  very  numerous. 
Besides  being  employed  extensively  in  many  branches  of 
manufacture,  it  is  used  in  the  laboratory  as  a  powerful 
decomposing  agent ;  owing  to  its  strong  affinity  for  bases, 
nearly  aU  saline  compounds  are  decomposed  by  it,  and  its 
solvent  powers  are  also  very  great.  It  is  often  employed  for 
the  purpose  of  decomposing  organic  matter ;  also  in  the 
preparation  of  hydrogen,  hydrosulphuric  acid,  and  other 
gases ;  as  a  test  for  certain  metals,  and  for  many  other  piu'- 
poses. 

693.  When  dilute  sulphuric  acid  is  required,  it  is  pre- 
pared by  mixing  together  in  a  porcelain  basin,  one  part  of 
the  strong  acid  with  four  parts  of  distilled  water,  always 
adding  the  acid  to  the  water,  which  should  be  kept  con- 
stantly stirred,  and  allowing  the  precipitated  sulphate  of 
lead  (if  any)  to  subside,  after  which  the  clear  liquid  may 
be  poured  off". 

Hydrochloric  Add  {SCI). 

694.  This  acid,  in  the  form  met  with  in  commerce,  is 
never  pure,  usually  containing  sulphuric  acid  and  chloride 
of  iron,  and  occasionally  free  chlorine  and  traces  of  arsenic. 

(a)  Evaporate  a  drop  or  two  on  platinum  foil :  if  pure, 
no  residue  is  left. 

(5)  Dilute  a  portion  with  four  or  five  times  its  bulk  of 
distilled  water,  and  add  a  drop  of  chloride  of  barium :  if 
sulphuric  acid  is  present,  a  white  precipitate  is  produced 
(403,  428). 
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(c)  Add  ammonia  in  excess :  a  brown  precipitate  indi- 
cates iron  (280).  .       -,      .,1       11,  r. 

(d)  Boil  a  Httle  of  tlie  acid,  tmged  with  sulphate  ot 
indio-o:  if  it  contains  free  chlorine,  the  blue  colour  is 
bleached. 

(e)  Arsenic  may  be  detected  by  Marsh  s  test  (313). 

695.  The  uses  of  hydrochloric  acid  are  very  numerous, 
especially  in  analysis,  in  which  it  is  of  constant  value  as  a 
solvent  for  substances  which  are  insoluble  in  water  ;  most 
of  the  metals  dissolve  readily  in  it,  forming  soluble  chlo- 
rides, and  it  is  occasionally  used  to  precipitate  silver  and 
mercury  from  their  solutions. 

When  dilute  hydrochloric  acid  is  required,  the  strong 
acid  may  be  diluted  with  about  twice  its  bulk  of  water. 

mtric  Acid  {b:o,no^). 

696.  JSTitric  acid,  as  met  with  in  commerce,  usually  con- 
tains sulphuric  and  hydi'ochloric  acids,  and  occasionally  a 
little  fixed  saline  matter. 

{a)  The  latter  may  be  detected  by  evaporating  a  few 
drops  on  platinum  foU,  when  any  fixed  impurities  will  be 
left. 

Dilute  a  Httle  of  the  acid  with  water,  and  divide  it  into 
two  portions. 

{b)  To  the  first,  add  chloride  of  barium :  if  a  white  pre- 
cipitate is  produced,  sulphuric  acid  is  present  (403,  445). 

(c)  To  the  other,  add  nitrate  of  silver :  a  white  precipi- 
tate, soluble  in  ammonia,  indicates  hydrochloric  acid 
(429). 

697.  Nitric  acid  is  used  chiefly  as  a  solvent  for  sub- 
stances which  are  insoluble  in  water,  especially  some  of 
the  metals,  which  it  readily  oxidises,  and  converts  into 
nitrates,  nearly  all  of  which  are  soluble  in  water.  It  is, 
also,  frequently  employed  to  raise  compounds  to  a  higher 
state  of  oxidation,  as  in  converting  the  protoxide  of  iron 
{FeO)  into  the  peroxide  [Fe^O^. 

When  dilute  nitric  acid  is  required,  it  may  be  prepared 
by  mixiag  one  part  of  the  strong  acid  with  two  parts  of 
distilled  water. 

Nitrohyd/rocliloric  Acid  {Aqua  Regia). 

698.  This  is  always  prepared  when  required,  by  mixing 
together  strong  nitric  and  hydrochloric  acids,  usually 
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in  the  proportion  of  one  part  of  nitric  to  four  of  hj'dro- 
chloric.  Its  chief  uses  depend  on  its  intense  oxidizmg 
or  chlormizing  properties,  whereby  the  most  refractory 
metals,  some  of  which  resist  the  action  of  all  other  acids, 
are  brought  into  solution. 


Pig.  102.  Sulphuretted  Hydiogen 
Apparatus. 


HydrosulpJmric  Acid  (H S).    {Sulphuretted  Sydrogen.)  ' 

699.  This  reagent,  whether  required  m  the  gaseous 
form  or  in  solu- 
tion, is  always 
prepared  in  the 
laboratory.  Frag- 
ments of  sulphide 
(sulphuret)  of  iron 
(FeS)  are  placed 
in  a  bottle,  a,  (Fig. 
102,)  and  treated 
with  dilute  sul- 
phuric acid  (which 
for  this  purpose 
should  consist  of 
one  part  of  acid 
and  eight  parts  of 
water),  which  disengages  the  gas. 

FeS + ^0, 5(03= Jfe  0,  SOg -f  H  S . 
The  gas  thus  formed,  is  passed  through  water  contained  in 
the  second  bottle,  h,  for  the  purpose  of  purifying  it  from 
any  sulphuric  acid  and  iron  that  may  have  been  carried 
over  mechanically,  and  is  then  conducted,  by  the  bent  tube, 
f,  into  a  bottle  of  distiUed  water,  when  an  aqueous  solution 
of  the  gas  is  required,  or  into  a  jar  containing  any  solution 
which  it  is  intended  to  act  upon  (95). 

It  must  be  borne  in  mind,  when  experimenting  with  this 
gas,  that  it  is  not  only  highly  offensive,  but  poisonous,  and 
induces  headache  and  nausea  even  when  largely  diluted  with 
air :  on  this  account  it  should  be  prepared  either  near 
a  ventilating  flue,  or  in  the  open  aii- ;  never  in  a  close  room. 

700.  In  most  cases  of  mere  testing,  the  aqueous  solution 
is  the  most  convenient  form  in  which  to  apply  it.  The 
water  should  be  saturated  with  the  gas,  of  which  it  is  ca- 
pable of  retaining  in  solution  about  its  own  volume  ;  this 
may  be  judged  of  by  its  strong  disagreeable  smell,  resem- 
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bling  that  of  rotten  eggs,  and  by  its  giving  a  copious  white 
precipitate  of  sulphur  when  treated  with  perchloride  of 
iron  (278).  It  should  also  be  tested  for  u-on,  which  it 
sometimes  contains  when  carelessly  prepared :  if  such  is 
the  case,  it  becomes  dark  coloured  on  the  addition  of  am- 
monia, owing  to  the  formation  of  sulphide  of  iron  (271). 
The  solution  should  not  be  kept  long,  as  it  is  liable  to 
decompose,  unless  carefully  closed  from  the  air,  the  oxygen 
of  which  combines  with  the  hydrogen  to  form  water  {HO), 
while  sidphur  is  deposited. 

701.  When  it  is  required  to  precipitate,  by  hydrosul- 
phiu'ic  acid,  the  whole  of  any  metal  in  a  solution,  it  is 
necessary  to  pass  the  gas  at  once  into  it ;  and  this  should  be 
continued  until  the  liquid  is  saturated,  which  is  known  by 
removing  the  gas-dehvering  tube,  and  blowing  away  the 
superincumbent  air ;  when,  if  it  smells  distinctly  of  the  gas, 
the  solution  may  be  considered  satui'ated,  and  the  whole  of 
the  metal  must  have  been  converted  into  sidphide. 

702.  The  important  uses  to  which  hydrosulphuric  acid 
is  applied,  render  it  of  great  value  in  many  processes  of 
analysis.  It  precipitates  many  of  the  metals  from  their 
solutions  as  insoluble  sulphides  ;  and  is  one  of  the  reagents 
employed  in  determining  the  class  to  which  an  unknown 
metal  in  solution  belongs  (179).  It  is  also  extensively 
used  in  quantitative  analysis,  on  account  of  the  perfect 
manner  in  which  it  separates  the  whole  of  many  of  the 
metals  from  their  solutions.  Hydrosulphuric  acid  is  also 
sometimes  useful  as  a  deoxidizing  agent,  reducing  metallic 
oxides  in  solution  to  a  lower  degree  of  oxidation,  as  the 

,  peroxide  of  iron  to  the  protoxide ;  this  property  is  owing 
to  the  facUity  with  which  it  is  decomposed,  yielding  up  its 
hydrogen  to  the  oxygen  of  the  oxide,  while  the  sulphur  is 
usually  set  free  (278). 

Oxalic  Acid  (RO,C^O^). 

703.  Oxalic  acid  occasionally  contains  traces  of  nitric 
acid  (which  causes  it  to  dehquesce  in  damp  air,  and  to  have 
a  slightly  acid  smeU),  and  also  fixed  saHne  matter. 

(a)  The  first  may  be  detected  by  boihng  the  solution 
with  a  drop  or  two  of  sulphate  of  indigo  (452). 

(5)  The  latter,  if  present,  is  left  as  a  fixed  residue  after 
ignition  on  platinum  foil. 

It  may  be  easily  purified  by  recrystallization. 
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704.  Tlie  chief  use  to  wliicli  oxalic  acid  is  applied  in 
analysis,  is  to  precipitate  lime  from  its  solutions  (218).  (See 
also  Oxalate  ofAnimmiia,  (714.)  For  use  as  a  test,  one  part 
of  the  crystallized  acid  may  be  dissolved  in  ten  parts  of 
water;  but,  as  the  solution  is  liable  to  decompose,  it  is 
better  to  keep  it  in  the  sohd  state,  and  to  dissolve  a  little 
when  wanted. 

Acetic  Acid  {S:0,C^E:^Os). 

705.  This  acid  is  often  contaminated  with  one  or  more  of 
the  following  substances :  sulphuric,  sulphurous,  hydro- 
chloric, and  nitric  acids,  lead,  and  other  sahne  matter. 

(a)  Any  fixed  impurity  may  be  detected  by  heating  a 
little  on  platinum  foil. 

(b)  Add  to  a  portion  of  the  diluted  acid,  a  solution  of 
chloride  of  barium  -.  if  sulphuric  acid  is  present,  a  white 
precipitate,  insoluble  in  nitric  acid,  is  thrown  down  (403). 

(c)  Boil  a  Httle  of  the  acid  with  a  very  small  quantity  of 
peroxide  of  lead  (PbgO^) :  if  the  latter  becomes  white 
(owing  to  its  conversion  into  sulphate  of  lead),  sulphm'ous 
acid  is  present.  Pb304+;S'02=PbO,S03+2PiO. 

(d)  Nitrate  of  silver,  added  to  the  diluted  acid,  gives  a 
white  curdy  precipitate,  which  is  insoluble  in  nitric  acid,  if 
any  hydi-ochloric  acid  is  present  (429). 

(e)  Boil  a  little  of  the  acid,  tinged  with  sulphate  of  in- 
digo :  if  the  colour  is  bleached,  t  is  probably  owing  to  the 
presence  of  nitric  acid  (452). 

(/)  Neutralize  a  small  portion  with  ammonia,  and  add 
hydrosulphuric  acid  or  hydrosulphate  of  ammonia  :  if  lead 
or  any  other  metallic  matter  is  present  (except  the  alkalies 
and  alkaline  earths),  a  precipitate  is  produced  (548). 

706.  Acetic  acid  is  chiefly  employed  in  the  laboratory  as 
a  solvent,  and  for  the  purpose  of  acidifying  solutions,  in 
cases  where  hydrochloric  and  nitric  acid  would  act  preju- 
dicially. 

Tartaric  Acid  (2HO,C3H,Oio). 

707.  Tartaric  acid  sometimes  contains  a  trace  of  lime 
and  sulphiiric  acid,  but  is  usually  sufficiently  pure  for  ana- 
lytical purposes.  The  lime  may  be  detected  by  neutral- 
iziug  a  portion  with  ammonia,  and  adding  oxalate  of  am- 
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monia  (218) ;  and  the  sulphuric  acid  by  chloride  of  barium 
(403).  .  ,    ^  .  , 

708.  Tartaric  acid  is  used  as  a  test  for  potash,  with  which 
it  forms  a  sparingly  soluble  bitartrate  (186).    Its  property 


metals  by  the  alkalies  (478),  is  occasionally  made  available 
in  analysis.  It  should  be  kept  in  a  solid  state,  and  a. 
solution  made  when  required,  as  when  kept  in  solution  it 
soon  becomes  mouldy ;  for  this  purpose,  the  crystallized 


■  709.  The  liquid  ammonia  of  the  shops  is  generally  suffi- 
ciently pure  for  most  purposes  of  analysis  ;  it  sometimes, 
however,  contains  traces  of  carbonate,  sulphate,  and  mu- 
riate of  ammonia,  and  occasionally  chloride  of  calcium. 
The  carbonate  is  detected  by  adding  lime  water  (420) ;  the 
sulphate  by  supersaturating  with  dilute  nitric  or  hydro- 
chloric acid,  and  testing  with  chloride  of  barium  (403) ;  the 
muriate  of  ammonia  may  be  detected  by  supersaturating 
with  nitric  acid,  and  adding  nitrate  of  silver  (429) ;  and  the 
lime  (chloride  of  calcium)  with  oxalate  of  ammonia  (218). 

Ammonia  is  used  chiefly  for  the  ptu-pose  of  neutralizing 
acid  solutions,  and  for  precipitating  metallic  oxides  from 
their  solutions,  most  of  which  are  decomposed  by  it. 

Syd/rosulfliate  of  Ammonia  {WS^S,SS). 

710.  Hydrosulphate  of  ammonia  is  prepared  by  passing 
a  stream  of  hydrosulphuric  acid  gas  (699)  through  a  solu- 
tion of  ammonia  until  it  is  saturated.  To  ascertain  whe- 
ther the  saturation  is  complete,  a  few  drops  may  be  tested 
with  sulphate  of  magnesia ;  if  the  ammonia  is  saturated, 
this  gives  no  precipitate ;  but  if  any  free  ammonia  is  left, 
it  throws  down  the  hydrate  of  magnesia.  When  first  pre- 
pared, the  solution  is  almost  colourless,  but  it  gradually  be- 
comes yellow,  owing  to  partial  decomposition,  the  oxygen 
of  the  air  combining  with  the  hydrogen,  while  sulphur  is 
set  free,  and  remains  dissolved :  when  this  decomposition 
has  taken  place,  the  addition  of  an  acid  causes  not  only  the 
evolution  of  hydrosulphuric  acid,  but  also  precipitates  the 
dissolved  sulphiu-  (440). 


of  preventing  the 
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711.  Hydrosulpliate  of  ammonia  is  much  used,  both  in 
quahtative  and  quantitative  analysis,  chiefly  for  the  pur- 
pose  of  precipitating  certain  metals  from  their  solutions, 
and  for  separating  the  metals  of  the  third  class  from  the 
alkalies  and  alkaline  earths  (593). 

Carbonate  of  Ammonia  (2^1140,3003). 

712.  The  common  carbonate  of  ammonia  is  a  sesquicar- 
bonate,  or  a  compound  of  the  neutral  carbonate  (NH^O, 
CO2)  and  the  bicarbonate  {N:Kfi,2C0„).  When  the  neutral 
carbonate  is  required,  and  it  is  the  hest  suited  for  most 
purposes  of  analysis,  it  may  be  prepared  in  solution  by  dis- 
solving one  part,  by  weight,  of  the  crystaUized  sesquicar- 
bonate,  in  three  or  four  parts  of  water,  and  adding  one  part 
of  Hquid  ammonia  (sp.  gr.  0.96).  It  is  frequently  employed 
in  analysis,  to  precipitate  some  of  the  metals  as  carbo- 
nates :  it  is  also  used  to  neutralize  acid  solutions,  and  for 
other  purposes. 

713.  It  is  occasionally  contaminated  with  traces  of  animal 
oil,  and  sulphate  and  muriate  of  ammonia. 

(a)  Heat  a  small  fragment  on  platinum  foil :  if  any  fixed 
saline  impurity  is  present,  it  will  be  left  after  ignition  ;  and 
if  any  charring  takes  place,  it  indicates  the  presence  of 
animal  matter. 

(b)  Supersaturate  a  little  of  the  solution  with  nitric  acid, 
and  add  to  one  portion  a  few  drops  of  chloride  of  barium  : 
a  white  precipitate,  insoluble  in  nitric  acid,  indicates  sul- 
phuric acid  (403). 

(<?)  To  the  other  portion  of  the  acid  solution,  add  nitrate 
of  silver :  if  any  muriate  of  ammonia  is  present,  it  will 
cause  a  white  curdy  precipitate  (429). 

Oxalate  of  Ammonia  (]N'Il40,C203H-Aq.). 

714.  This  salt,  as  met  with  in  the  shops,  is  sufficiently 
pure  for  all  purposes  of  analysis.  Like  oxahc  acid,  it  is 
employed  chiefly  for  the  purpose  of  precipitating  lime  from 
its  solutions  (218) ;  for  this  purpose,  it  may  be  dissolved  in 
about  six  times  its  weight  of  water. 

Phosphate  of  Soda  and  Ammonia  {Microcosmic  Salt). 
(NaO,NH,0,HO,P05+8Aq). 

715.  This  salt  occasionally  contaias  traces  of  chloride  of 
sodium,  which  may  readily  be  detected  by  adding  a  few 
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drops  of  nitrate  of  silver  to  a  solution  of  tlie  salt,  acidified 
Witt  nitric  acid,  when  a  curdy  wlnte  precipitate  indicates 
tlie  presence  of  tlie  chloride  (429).      ,    .    ,    .  , 

Microcosmic  salt  is  used  almost  exclusively  in  blowpipe 
experiments  ;  when  heated,  it  is  decomposed,  the  ammonia 
and  water  are  expeUed,  and  soda,  with  excess  of  phosphoric 
acid,  is  left. 

Fotash  (KO). 

716  On  account  of  its  strong  aflSnity  for  many  substances, 
and  its  property  of  readily  decomposmg  others,  caustic 
potash  is  rarely  foimd  free  from  impurities.  Those  most 
commonly  met  with  are  organic  matter,  sulphate  and  car- 
bonate of  potash,  chloride  of  potassium,  silicic  acid,  and 

alumiaa.,  ,       ,    .      r.     ,    i  • 

(a)  If  organic  matter  is  present,  the  solution  ot  potasli  is 
more  or  less  brown,  and,  on  evaporation,  leaves  a  brown 

{b)  Sulphuric  acid  is  detected  by  diluting  the  potash 
with  water,  supersaturatmg  with  nitric  or  hydrochloric 
acid,  and  adding  chloride  of  barium,  when,  if  it  is  present, 
the  white  insoluble  sulphate  is  thrown  down  (403). 

(c)  If  carbonic  acid  is  present,  lime  water  causes  a  white 
precipitate,  which  is  soluble  with  effervescence  when  the 
solution  is  supersatiu-ated  with  hydrochloric  acid  (420). 

(d)  A  Mttle  of  the  diluted  solution  is  supersaturated 
with  nitric  acid,  and  tested  with  nitrate  of  silver :  a  white 
cm-dy  precipitate,  soluble  m  ammonia,  indicates  chlorine  or 
chloride  of  potassium  (429). 

(e)  Neutralize  a  small  portion  with  hydrocliloric  acid, 
and  evaporate  to  dryness :  if  the  residue  is  not  wholly 
soluble  iu  hydrochloric  acid,  sUica  is  probably  present 
(425). 

(/)  If  alumina  is  present,  it  will  be  precipitated  when 
the  potash  solution  is  neutralized  with  hydrochloric  acid, 
and  treated  with  a  5% /^^  excess  of  ammonia  (241). 

717.  Potash  is  used  chiefly  for  the  purpose  of  precipitat- 
ing some  of  the  metallic  oxides  from  their  salme  solutions, 
which  it  does  on  account  of  its  strong  affinity  for  the  acids 
with  which  they  were  iu  combination. 

CuO,SO^+KO,SO=KO,SOs+CuO,'RO. 
It  is  employed  also  for  neutralizing  acid  solutions,  decom- 
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posing  organic  compounds,  and  many  otlier  purposes  A 
solution  of  potasli  having  a  specific  gi-ayity  of  about  1060 
IS  a  convenient  strengtli  for  most  analytical  purposes. 

Carbonate  of  Potash  (KO,C02+2Aq). 

718.  This  salt  generally  contains  traces  of  sulphate  and 
chloride,  and  occasionally  silica  and  alumina. 

(a)  A  solution,  supersaturated  with  nitric  acid,  and  tested 
with  chloride  of  barium,  gives  a  white  precipitate  if  any 
sulphuric  acid  is  present  (403). 

{h)  A  solution  similarly  acidified,  gives,  with  nitrate  of 
silver,  a  white  curdy  precipitate,  if  it  contains  chloride  of 
potassium  (429). 

{c)  JSTeutrahze  a  portion  of  the  solution  with  hydrocliloric 
acid,  and  evaporate  to  dryness :  if  the  residue  does  not 
wholly  dissolve  when  treated  with  hydi-ochloric  acid,  sihca 
is  probably  present  (425). 

{d)_  If  carbonate  of  ammonia  causes,  in  a  neutralized 
solution,  a  white  gelatinous  precipitate,  alumiaa  is  probably 
present  (243). 

Carbonate  of  potash  is  frequently  employed  to  precipi- 
tate metaUic  oxides  and  carbonates  from  their  soluble 
combinations,  and  for  the  purpose  of  neutralizing  acid 
solutions. 

Nitrate  of  PotasJi  {li.O,IiO.^. 

719.  Nitrate  of  potash  often  contains  traces  of  sulphate 
and  chloride,  and  occasionally  nitrates  of  soda  and  hme. 

(aandi)  The  sulphate  and  chloride  maybe  detected 
with  chloride  of  barium  and  nitrate  of  silver  (718,  a  and  h). 

(c)  If  lime  is  present,  it  causes  a  precipitate  when  the 
solution  is  treated  with  oxalate  of  ammonia  (218). 

{d)  The  presence  of  nitrate  of  soda  causes  the  salt  to 
deliquesce  in  a  moist  atmosphere. 

720.  It  is  used  almost  exclusively  in  the  dry  state,  for 
the  purpose  of  oxidizing  substances  which  resist  other 
methods  of  oxidation  ;  this  property  is  owing  to  tlie  oxygen 
of  the  nitric  acid  being  loosely  combined,  and  at  a  high 
temperature  readily  yielded  up  to  any  substance  which  has 
a  strong  affinity  for  it,  such  as  sulphides,  organic  mat- 
ters, &c. 
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Iodide  of  Fotasskm  (KI). 
791  Iodide  of  potassium  is  often  adulterated  witli  car- 
bonat;  of  potash;  siilpliate  of  potash  and  chloride  of 
notassium  are  also  often  present.  It  should  always  be  m 
the  form  of  weU  defined  (cubical)  crystals,  as  the  adulte- 
rated varieties  are  readily  distmguishable  by  their  unper- 

fect  crystalline  form.      ,    ,     , ,    .      ■  i  -r- 

{a)  Add  a  little  dilute  hydrochloric  acid :  if  efi^ervescence 
takes  place,  some  carbonate  is  present  (419). 

(h)  If  sulphates  are  present,  they  may  be  detected  by 
adding  chloride  of  barium,  which  wiU,  in  that  case,  cause 
a  white  precipitate,  insoluble  in  nitric  acid  (403). 

(c)  Add  a  little  nitrate  of  silver ;  this  will  cause  a  pale 
yellow  precipitate  of  iodide  of  silver,  together  with  chloride 
of  silver,  in  case  any  soluble  chloride  is  present.  To  sepa- 
rate them,  filter  the  misture,  and  after  washing  the  pre- 
cipitate, treat  it  with  a  sHght  excess  of  ammonia,  which 
dissolves  the  chloride  (if  any),  and  leaves  the  iodide  un- 
dissolved (433) ;  on  neutralizing  the  ammoniacal  solution 
with  nitric  acid,  the  appearance  of  a  white  curdy  preci- 
pitate indicates  the  presence  of  a  chloride  (429). 

Iodide  of  potassium  is  employed  chiefly  as  a  test  for  lead, 
mercury,  and  occasionally  some  of  the  other  metals.  For 
use  as  a  reagent,  one  part  of  the  salt  may  be  dissolved  in 
ten  parts  of  water. 

Chromate  of  Potash  {K.O,GtO^). 

722.  This  salt  occasionally  contains  traces  of  sulphate  of 
potash,  which  is  readily  detected  by  precipitating  a  little  of 
the  solution  with  nitrate  of  baryta,  and  adding  an  excess 
of  nitric  acid,  which  redissolves  the  chromate  of  baryta, 
while  any  sulphate  remains  insoluble. 

It  is  employed  as  a  test  for  several  of  the  metallic 
oxides,  with  many  of  which  it  forms  insoluble  salts  (cliro- 
mates)  of  characteristic  colours,  as  the  chromate  of  lead 
(363),  which  is  bright  yellow.  For  use  as  a  reagent  it  may 
be  dissolved  in  ten  times  its  weight  of  water. 

Cyanide  of  Potassium  (KCy). 

723.  Cyanide  of  potassium  is  sometimes  used  in  blow- 
pipe experiments,  and  also  as  a  liquid  test.  It  should  be 
colourless,  and  entirely  soluble  in  water. 
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Ferrocyanide  of  Potassium  (K^.FeCyg+SAq).  ( Yelloio 
Prussiate  of  Potash.) 
724.  This  salt,  as  met  with  in  commerce,  is  sufficiently 
pure  for  the  purposes  of  testing.  It  is  employed  as  a  test 
lor  the  persalts  of  iron,  with  which  it  forms  a  deep  blue 
FoloN^^^*T^^  sesquiferrocyanide  of  iron,  or  prussian  blue 
(^82).  It  gives  characteristic  precipitates,  also,  with  some 
other  metals.  For  use  as  a  reagent,  one  part  of  the  salt 
may  be  dissolved  m  fifteen  or  twenty  parts  of  water, 

Ferridcyanide  of  Potassium  (Ky'Fe^Cj^).    {Bed  Prussiate 

of  Potash.) 

_  725.  It  occasionally  contains  traces  of  the  yeUow  prus- 
siate, which  is  easily  detected  by  the  solution  giving  a  blue 
precipitate  with  perchloride  of  iron  (282).  It  is  used  as  a 
test  for  the  protosalts  of  iron,  with  which  it  forms  a  blue 
precipitate  of  ferridcyanide  of  iron  (276),  which  is  similar 
in  appearance  to  that  formed  by  ferrocyanide  of  potassium 
with  the  persalts.  It  may  be  dissolved  in  ten  or  fifteen 
parts  of  water. 

Antimoniate  of  Potash  (KO.SbOj). 

_  726.  This  substance  seldom  or  never  contains  any  impu- 
rity that  can  interfere  with  its  action  as  a  test  for  soda, 
which  is  the  only  use  to  which  it  is  apphed  in  the  labora- 
tory. It  must  be  kept  in  a  weU  stoppered  bottle,  and 
carefully  excluded  from  the  air,  as  the  carbonic  acid  is 
liable  to  decompose  it,  and  cause  a  precipitation  of  anti- 
monic  acid. 

Carbonate  of  Soda  (NaCCOj+lOAq). 

727.  The  best  method  of  preparing  pure  carbonate  of 
soda,  is  to  ignite  the  crystaUized  bicarbonate  (]SraO,IIO,2 
COg),  when  the  second  equivalent  of  carbonic  acid  and  the 
water  are  expeUed,  and  pure  anhydrous  carbonate  is  left. 
The  salt  of  commerce  frequently  contains  a  httle  sulphate 
and  chloride,  which  maybe  detected  in  the  manner  already 
detailed  (718  a  and  b).  The  more  impure  varieties  contain 
also  traces  of  sulphide  of  sodium,  and  sulphite  and  hypo- 
sulphite of  soda.  These  may  be  detected  by  adding  dilute 
sulphuric  acid,  and  passing  the  evolved  gas  into  a  solution 
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of  acetate  of  lead  ;  this  should  cause  a  white  precipitate  of 
carbonate  of  lead  (422),  and  not  a  brown  one  (438) ;  and  no 
precipitation  of  sulphur  should  take  place  on  the  addition 
of  the  acid. 

728.  It  is  employed  for  the  same  purposes  as  carbonate 
of  potash  (718)  ;  also  as  a  flux  for  the  blowpipe,  and  for 
fusing  with  insoluble  silicates,  &c.  Tor  use  as  a  liquid 
reagent,  one  part  of  the  salt  may  be  dissolved  in  ten  parts 
of  water. 

FJiosplmte  of  Soda  (2NaO,HO,POg+24Aq). 

729.  This  salt  sometimes  contains  a  little  sulphate  and 
chloride.  To  detect  these  impurities,  add  to  one  portion, 
in  solution,  chloride  of  barium,  and  to  the  other  nitrate  of 
silver,  and  supersaturate  both  with  nitric  acid :  if  the  pre- 
cipitate does  not  entirely  dissolve  in  either  case,  a  sulphate 
or  chloride  is  present  (403,  429). 

It  is  employed  chiefly  as  a  test  for  magnesia,  with  which 
it  forms,  in  the  presence  of  ammoniacal  salts,  the  double 
phosphate  of  magnesia  and  ammonia  (206).  For  the  pur- 
poses of  testing,  it  may  be  dissolved  in  ten  parts  of  water. 

Borax  (Biborate  of  Soda),  (NaO,2BO3+10Aq). 

730.  Borax  occasionally  contains  traces  of  sulphate  and 
chloride,  which  may  be  detected  in  the  same  way  as  in  the 
phosphate  of  soda  (729).  It  is  employed  almost  exclusively 
as  a  flux  in  blowpipe  experiments,  for  which  purpose  it  is 
admirably  adapted ;  the  second  equivalent  of  boracic  acid 
which  it  contains,  exerts  a  strong  affinity  for  bases  at  a 
high  temperature,  and  is  capable  of  displacing  several  acids 
from  their  combinations  ;  it  also  forms  many  double  com- 
pounds and  mixtures  which  are  readily  fusible. 

Lime  Water  {CaO  in  loater). 

731.  This  reagent  is  prepared  by  digesting  hydrate  of 
lime  (CaO,HO)  in  cold  distilled  water  for  an  hour  or  two, 
stirring  the  mixture  occasionally,  and  when  the  undissolved 
portion  of  the  lime  has  subsided,  pouring  ofi"  the  clear  solu- 
tion, and  filtering  if  necessary.  As  it  is  liable  to  spoil 
when  exposed  to  the  air,  owing  to  the  absorption  of  car- 
bonic acid,  it  should  be  kept  in.  a  well  stoppered  bottle. 

Q 
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732.  Lime  water  sliould  be  sufficiently  strong  to  turn 
the  yellow  colour  of  turmeric  instantly  and  decidedly 
brown ;  and,  wben  tested  with  carbonate  of  soda,  should 
throw  down  a  copious  white  precipitate  of  carbonate  of 
lime  (214).  It  is  used  as  a  test  for  carbonic  acid  and  some 
of  the  organic  acids ;  for  expelling  ammonia  from  its  com- 
binations, and  for  many  other  purposes. 

Sulphate  of  Lime  (CaO,S03+2Aq). 

733.  Sulphate  of  lime  being  very  sparingly  soluble  in 
water,  is  always  used  in  the  form  of  a  saturated  solution, 
which  is  prepared  by  digesting  the  sulphate  in  water,  stir- 
ring it  occasionally, 'and  pouring  oflF  the  clear  solution  from 
the  undissolved  portion.  It  is  used  chiefly  as  a  test  for 
some  of  the  organic  acids,  and  for  distinguishing  baryta 
from  strontia.  The  solution  ought  to  give  an  immediate 
precipitate  of  sulphate  of  baryta,  when  tested  with  chloride 
of  barium  (225). 

Chloride  of  Calcium  (CaCl), 

734.  This  substance  occasionally  contains  a  Uttle  free 
acid,  and  traces  of  iron.  The  first  is  detected  by  test  paper, 
and  the  latter,  if  present,  causes  hydrosulphate  of  ammoma 
to  throw  down  in  the  solution  a  black  precipitate,  or  to 
impart  a  greenish  tint  to  thehquid  (279).  As  a  reagent, 
cliforide  of  calcium  is  employed  chiefly  in  testmg  for  some 
of  the  organic  acids.  It  is  also  of  great  use  m  the  labora- 
tory as  a  drying  agent,  having  so  strong  an  affinity  tor 
water,  that  a  moist  gas  passed  over  it  is  rapidly  and  com- 
pletely deprived  of  its  water.  For  this  purpose  the  chlo- 
ride need  not  be  absolutely  pure  :  it  should  not  be  fased, 
but  merely  di-ied,  as  the  unfused  is  more  porous,  and  con- 
sequently offers  a  larger  amount  of  surface  to  any  gas 
passed  over  it. 

Chloride  of  Barium  (BaCH-2Aq). 

735.  Chloride  of  barium  sometimes  contaiiis  traces  of 
iron  and  lime.  It  should  not  be  discolom-ed  by  hydi-psul- 
phl  of  ammonia  (279),  and  after  bemg  Ijeatf  -n^h  ^ 
Jlight  excess  of  sulphuric  acid,  and  filtered,  tli^  cleai  solu- 
tion should  leave  no  fixed  residue  when  evaporated  on 
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platinum  foil ;  because  tlie  whole  of  tke  baryta  is  separated 
by  tbe  sulpburic  acid,  and  any  other  fixed  matter  must  be 
some  impurity. 

It  is  used  chiefly  for  the  purpose  of  testing  for  acids 
(558),  especially  sulphuric,  with  which  it  forms  the  insoluble 
sulphate  of  baryta  (403).  Por  use,  one  part  of  the  salt 
may  be  dissolved  ia  ten  parts  of  water. 

Nitrate  of  Baryta  (BaO.NO^). 

736.  Nitrate  of  baryta- is  Hable  to  the  same  impurities  as 
chloride  of  barium  (735),  and  they  may  be  detected  in  the 
sanie  way.  It  should  also  be  free  from  any  chloride,  which 
may  be  known  by  adding  nitrate  of  silver  (429).  Its  uses 
are  the  same  as  those  of  chloride  of  barium,  for  which  it  is 
occasionally  substituted  ia  cases  when  the  addition  of  the 
chloride  would  interfere  with  the  subsequent  stages  of  an 
analysis,  as  wlien  we  have  to  test  for  chlorides  in  the  same 
solution  (605).  For  use,  it  may  be  dissolved  in  ten  parts 
of  water. 

PercJiloride  of  Iron  (Fe2Cl3). 

737.  This  salt  is  liable  to  contain  a  little  free  acid,  and 
traces  of  the  protochloride  (FeCl).  The  free  acid  is  de- 
tected in  the  manner  described  in  (535,  b) ;  and  if  any  pro- 
tosalt  of  iron  is  present,  the  solution  gives  a  blue  colour 
with  ferridcyanide  of  potassium  (276).  It  is  used  as  a  test 
for  some  of  the  organic  acids,  and  is  also  sometimes  useful 
in  the  determination  of  phosphoric  acid.  It  may  be  dis- 
solved in  five  parts  of  water. 

Nitrate  of  Cohalt  (CoCNOg+eAq.) 

738.  This  reagent  is  used  chiefly  for  the  detection  of 
alumina,  zinc,  magnesia,  and  some  other  substances,  by 
means  of  the  blowpipe  (124).  The  solution  employed  for 
this  purpose  may  contain  one  part  of  the  salt  dissolved  in 
ten  of  water. 

Sulphate  of  Copper  (CuO,S03+5Aq). 

739.  This  salt  is  occasionally  used  as  a  test  for  arsenic 
(311),  and  for  other  purposes  :  it  may  be  chssolved  in  ten 
parts  of  water.  The  ammonio-sulphate  of  copper  {CuO, 
2NI£-^,IIO,SOs),  which  is  also  used  in  testing  for  arsenic 

Q  2  ' 
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is  prepared  by  adding  ammonia  to  the  solution  of  sulpliate 
of  copper,  imtil  the  precipitate  at  first  formed  is  nearly  aU 
redissolved,  when  the  solution  is  filtered,  and  kept  for  use. 

Acetate  of  Lead  (PbO,C4H303+3Aq). 

740.  Acetate  of  lead  is  used  as  a  test  for  several  acids, 
which  form  with  oxide  of  lead  insoluble  salts.  For  testing, 
one  part  of  the  salt  may  be  dissolved  in  ten  parts  of  water. 

Subacetafe  of  Lead  (3PbO,C4H303). 

741.  The  subacetate  is  prepared  by  boiling  together 
equal  weights  of  the  neu.tral  acetate  (740)  and  protoxide  of 
lead  (PbO)  in  water,  and  filtering  the  solution,  which  must 
be  kept  m  a  well  stoppered  bottle,  as  it  is  easily  decom- 
posed when  in  contact  with  the  air,  owing  to  the  sti-ong 
affinity  of  the  oxide  of  lead  for  carbonic  acid.  Both  this 
and  the  neutral  acetate  are  used  in  testing  for  hydrosul- 
phuric  acid,  and  for  some  of  the  other  acids,  especially 
carbonic. 

mtrate  of  Silver  (AgO,]S'05). 

742.  This  reagent  is  sometimes  adulterated  with  nitrate 
of  potash,  and  occasionally  contains  traces  of  copper  and 
lead.  When  precipitated  by  a  slight  excess  of  hydrochloric 
acid,  the  filtered  solution  ought  to  leave  no  fixed  residue 
when  evaporated  on  platinum  foil,  as  the  whole  of  the 
silver  would  be  thi'o^Ti  down  (377),  and  any  impiu^ty 
would  remain  in  solution.  Copper  is  detected  by  adding 
ammonia  in  excess  to  the  solution,  when  it  wiU  give_  the 
liquid  a  blue  tinge  (369).  Nitrate  of  silver  is  used  chiefly 
as  a  test  for  chlorme  (chlorides  and  hydrochloric  acid), 
and  also  for  phosphoric  and  some  of  the  other  acids,  i  or 
use  as  a  reagent,  one  part  of  the  salt  may  be  dissolved  m 

twenty  parts  of  water.  /  ^  n  o  tkttt  -\rn  \ 

743  The  ammonio-nitrate  of  silver  (Ag U,M\ ^^,1^  u^), 
used  as  a  test  for  arsenic,  is  prepared  by  adding  ammonia 
to  a  solution  of  the  nitrate,  until  the  precipitate  at  first 
thrown  down  is  nearly  aU  redissolved,  and  filtermg  from 
the  undissolved  oxide. 

Perchloride  of  Mercury  (HgCla). 

744  This  is  occasionally  employed  as  a  test  for  hydriodic 
and  some  other  acids,  and  also  for  some  kmds  ot  organic 
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matter :  for  tliis  pui-pose  it  may  be  dissolved  in  twenty 
parts  of  water. 

FrotocMoride  of  Tin  (SnCl). 

745.  ProtocLtloride  of  tin  is  prepared  by  boiling  metallic 
tin  in  strong  hydrochloric  acid,  care  being  taken  that  a 
portion  of  the  metal  remains  undissolved,  as  otherwise  a 
Httle  perchloride  might  be  formed;  the  solution  is  then 
filtered,  acidified  with  a  few  drops  of  hydi-ochloric  acid, 
and  diluted  with  about  four  times  its  bulk  of  water.  A  few 
fragments  of  metallic  tin  should  be  kept  in  the  solution,  in 
order  to  prevent  the  formation  of  any  perchloride. 

746.  Protochloride  of  tin  is  employed  chiefly  as  a  test 
for  gold  and  mercury,  and  also  as  a  deoxidizing  agent,  for 
which  purpose  it  is  well  adapted,  on  accouat  of  its  strong 
tendency  to  combine  with  oxygen  or  chlorine. 

It  occasionally  contains  traces  of  lead  and  iron,  which 
may  be  detected  by  adding  hydrosulphate  of  ammonia  in 
excess  to  the  solution,  when,  if  pure,  the  precipitate  is 
wholly  redissolved,  but,  if  either  of  those  metals  is  present, 
a  black  residue  is  left,  since  their  sulphides  are  insoluble  in 
the  hydrosulphate. 

Perchloride  of  Gold  (AuClg). 

747.  This  reagent  is  used  almost  exclusively  as  a  test  for 
the  protosalts  of  tin  (386),  so  that  a  very  small  quantity 
wiU  be  found  sufficient  for  the  purposes  of  testing.  One 
part  of  the  salt  may  be  dissolved  in  thirty  parts  of  water. 

Bichloride  of  Platinum  (PtClj). 

748.  Bichloride  of  platinum  is  employed  only  as  a  test 
for  potash,  soda,  and  ammonia;  it  may  be  dissolved  in 
about  ten  parts  of  alcohol. 

Sulphate  of  Indigo. 

749.  This  substance  may  be  prepared  in  solution,  by 
dissolving  a  little  indigo  in  strong  sulphuric  acid,  and  di- 
luting the  acid  solution  with  water,  so  as  to  form  a  pale 
blue  liquid.  It  is  used  chiefly  as  a  test  for  nitric  acid  and 
chlorine,  by  which  it  is  decomposed,  and  its  colour  dis- 
charged. 
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Solution  of  Starch  ( Cij-ffjo  Oio)  • 

750.  This  is  made  by  gently  boiling  starch  with  water. 
It  is  employed  as  a  test  for  iodine,  for  which  pui'pose  small 
pieces  of  thread  on  paper  may  be  steeped  in  the  solution, 
dried,  and  kept  for  tise. 

Slack  Flux. 

751.  Black  flux  is  an  intimate  mixture  of  carbonate  of 
potash  and  finely  divided  charcoal,  and  is  prepared  by 
deflagrating  in  an  iron  spoon  or  crucible,  a  mixtui-e  of  two 
parts  of  bitartrate  of  potash  and  one  of  nitre.  It  is  used 
as  a  reducing  flux  in  blowpipe  experiments. 

Distilled  Water  {SO). 

752.  Pure  distilled  water  is  prepared  by  carefully  distH- 
hng  any  of  the  common  kinds  of  water  either  in  a  stUl  or 
retort,  rejecting  the  first  and  last  portions  (62.)  For 
many  purposes,  rain  water,  when  collected  at  a  distance 
from  towns  or  manufactories,  and  boiled  and  filtered,  will 
be  found  sufficiently  pure ;  but  in  analytical  experiments, 
distfiled  water  ought  always  to  be  used. 

753.  Before  taking  it  mto  use,  it  should  be  tested  with 
the  following  reagents  : — 

(a)  Litmus  and  turmeric  paper,  for  free  acids  and  alka- 
lies. 

(b)  Chloride  of  barium  for  sulphates  (403). 

\c)  Nitrate  of  silver  for  chlorides  (429).  The  mLxture 
shortly  becomes  dark-coloured,  especially  if  orgamc  matter 
is  present. 

{d)  Oxalate  of  ammonia  for  Hme  (218). 

(e)  Lime  water  for  carbonic  acid  (420). 

(/)  Hydrosulphate  of  ammonia  for  any  metals  of  the 
third  or  fourth  class. 

{g)  When  heated  on  platinum  foil,  it  should  leave  no 
trace  of  solid  residue. 

Distilled  water  is  used  chiefly  as  a  solvent,  and  for  wasii- 
ing  precipitates,  besides  many  other  pm-poses  to  which  it 
is  constantly  applied. 
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Alcohol  {c,e:„o,ro). 

754  The  alcoliol  commonly  used  in  cliemical  experi- 
ments sliould  have  a  specific  gravity  of  about  0.83,  except 
in  cases  where  absolute  alcohol  is  required,  when  it  should 
be  0.796.  When  evaporated  on  platinum  foil,  it  should 
leave  no  residue,  and  should  not  change  the  colour  of  Utmus 
paper.  It  is  used  chiefly  as  a  solvent,  and  for  the  purpose 
of  facilitating  the  precipitation  of  substances  which  are  less 
soluble  in  it  than  in  water. 
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WEIGHTS  AND  MEASURES. 


Troy  or  Apothecaries  Weight. 


Pound.     Ounces.   Drachms.    Scruples.        Grains.  French  Grammes. 

1    =    12    =    96    =    288    =    5760  =  372.96 

1    =      8    =      24    =     480  =  31.08 

1    =       3    =       60  =  3.885 

1    =       20  =  1.295 

1  =  0.0647 


Avoirdupois  Weight. 

Pound.        Ounces.      Drachms.  Grains.  French  Grammes. 

1     =     16     =     256     =     7000  =  453.25 

1     =       16     =       437.5  =  28.328 

1     =        27.343  =  1.77 


Imperial  Measure. 

Gallon.         Pints,   Fluid  Ounces.   Fluid  Drachms.  Minims. 

1      =      8      =      160      =      1280       =  76,800 

1      =       20      =       160       =  9,600 

1      =          8       =  480 

1       =  60 


Weight  of  Water  at  62°,  contained  in  the  Imperial  Gallon,  tOc. 

Grains, 

Imperial  GaUon        .       .       =       •       .  70,000 


Pint 
Fluid  Ounce 
Fluid  Draclim 
Minim 


8,750 
437.5 
64.7 
0.91 
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Cubic  Inches  contaimd  in  the  Imperial  Gallon,  <hc. 


1  Imperial  Gallon 
1       „      Pint  . 
1       , ,      Fluid  Ounce 
1  Fluid  Drachm 

1       ,,  Minim 


Cubic  Inches. 
277.273 
34.659 
1.732 
0.2166 
0.0036 


FRENCH  WEIGHTS  AND  MEASURES. 
Measures  of  Length. 


English  Inches. 

Millimetre 

.03937 

Centimetre 

.39371 

Decimetre 

3.93710 

Metre 

39.37100 

Mil. 

Pur. 

Yds. 

Feet. 

In. 

Decametre 

393.71000 

=  0 

0 

10 

2 

9.7 

Hecatometre 

3937.10000 

=  0 

0 

109 

1 

1 

Kilometre 

=  39371.00000 

=  0 

4 

213 

4 

10.2 

Myriometre 

=  393710.00000 

=  6 

1 

156 

0 

6 

Measures  of  Capacity. 


Cubic  inches. 


English  Imperial  Measure. 
Gall.  Pints.  F.oz.  F.drms.  Min. 


Miimitre 

.06102 

0 

0 

0 

0 

16.3 

Centilitre  = 

.61028 

0 

0 

0 

2 

42 

Decilitre  = 

6.10280 

0 

0 

3 

3 

2 

Litre  = 

61.02800 

0 

1 

15 

1 

43 

Decalitre  = 

610.28000 

2 

1 

12 

1 

16 

HecatoUtre  = 

6102.80000 

22 

0 

1 

4 

48 

KUolitre  = 

61028.00000 

220 

0 

12 

6 

24 

Myriolitre  = 

610280.00000 

2200 

7 

13 

4 

48 

Measivres  of 

Weight. 

English  Grains. 

Milligramme 

.0154 

Centigramme 

.1544 

Decigramme 

1.5444 

Avoirdupois. 

Gramme 

15.4440 

Poun. 

Oun. 

Dram. 

Decagramme 

154.4402 

0 

0 

5.65 

Hecatogramme 

=  1554.4023 

0 

3 

8.5 

Kilogramme 

=  15444.0234 

2 

3 

5 

Myriogramme 

=  154440.2344 

22 

1 

2 
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TABLE  I. 


Shewing  the  Quantity  of  Oil  of  Vitriol  {EO,SO^,  ofsp.rjr.  1.8485, 
and  of  Anhydrous  Acid  (SO3),  in  100  PaHs  of  dilute  Swlphwric 
Add,  of  different  Specific  Gravities  {Ure). 


Liquid 
Acid. 

Sp.  Gr. 

Dry  Acid. 

1 

Liquid 
Acid. 

Sp.  Gr. 

Dry  Acid. 

1.  o4o0 

Oi.  04 

00 

1.5390 

53.00 

QQ 

1.84  /  0 

00.7^ 

fiA 
04 

1.5280 

52.18 

QS 
a  t 

1  QA 
J..  04DU 

^  A   A  A 
/  9.  90 

Do 

1.5170 

51.37 

i.  o4oy 

^ A  AA 
79.09 

OA 

1.5066 

50.55 

1. 04IU 

7o.zo 

01 

1.4960 

49.74 

1.00/0 

AH 

77. 4o 

^?A 

1.4860 

48.92 

l.OdoO 

70.00 

fC  A 

09 

1.4760 

48.11 

T  0  on  A 

/  o.oa 

00 

1.4660 

47.29 

yj3 

T    Q  00  0 
l.OiOO 

75.02 

67 

1.4560 

46.48 

yj. 

1    QT  '7  A 

i.oi7y 

^7  OA 
74.20 

00 

1.4460 

45.66 

l.olio 

00 

1.4360 

44.85 

oy 

l.OOid 

^70  cr'T 

72. 57 

54 

1.4265 

44.03 

QQ 

(So 

1.7962 

/1. 75 

00 

1.4170 

43.22 

QT 
0/ 

1   fro  T  A 

1.7870 

*T  A    A  ^ 

70.94 

fCO 

02 

1.4073 

42.40 

00 

1.7774 

^7A  1 

70.12 

oi 

1.3977 

41.58 

0  ?t 

60 

1.7673 

69.31 

^  A 

oO 

1.3884 

40.77 

84 

1.75/0 

68.49 

.<  A 

49 

1.3788 

39.95 

0  0 
80 

1.7465 

67.68 

A  0 

48 

1.3697 

39.15 

82 

1.7360 

66.86 

47 

1.3612 

38.32 

81 

1.7245 

66.05 

46 

1.3530 

37.51 

80 

1.7120 

65.23 

45 

1.3440 

36.69 

79 

1.6993 

64.42 

44 

1.3345 

35.88 

78 

1.6870 

63.60 

43 

1.3255 

35.06 

77 

1.6750 

62.78 

42 

1.3165 

34.25 

76 

1.6630 

61.97 

41 

1.3080 

33.43 

75 

1.6520 

61.15 

40 

1.2999 

32.61 

74 

1.6415 

60.34 

39 

1.2913 

31.80 

73 

1.6321 

59.82 

38 

1.2826 

30.98 

72 

1.6204 

58.71 

37 

1.2740 

30.17 

71 

1.6090 

57.89 

36 

1.2654 

29.35 

70 

1.5975 

57.08 

35 

1.2572 

28.54 

69 

1.5868 

56.26 

34 

1.2490 

27.72 

68 

1.5760 

55.45 

33 

1.2409 

26.91 

67 

1.5648 

54.63 

32 

1.2334 

26.09 

66 

1.5503 

63.82 

31 

1.2260 

25.28 
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Liquid 

Sp.  Gr. 

30 

1.2184 

29 

1.2108 

28 

1.2032 

27 

1.1956 

26 

1.1876 

25 

1.1792 

24 

1.1706 

23 

1.1626 

22 

1.1549 

21 

1.1480 

20 

1.1410 

19 

1.1330 

18 

1.1246 

17 

1.1165 

16 

1.1090 

TlfrcT  A  Pin 

Liquid 
Acid. 

Sp.  Gr. 

Dry  Acid. 

24.46 

15 

1.1019 

23.65 

14 

1.095o 

n  4.1 

22.83 

13 

1    AO  Q*7 

1  D  fift 

lyj,  vyj 

22.01 

12 

1    AO  Art 

Q  78 

21.20 

11 

1    Ah*  A  O 

1.0/4d 

o.  y  / 

20.38 

10 

1.0682 

o.  10 

19.57 

9 

1.0614 

t  .Oi 

18.75 

8 

1.0544 

6.52 

17!94 

7 

1.0477 

5.71 

17.12 

6 

1.0405 

4.89 

16.31 

5 

1.0336 

4.08 

15.49 

4 

1.0268 

3.26 

14.68 

3 

1.0206 

2.446 

13.84 

2 

1.0140 

1.63 

13.05 

1 

1.0074 

0.8154 

TABLE  II. 


Shelving  the  Quantity  of  Real  or  Anhydrous  Nitric  Add  (NO^)  in 
100  Parts  of  Liquid  Acid,  of  different  Specific  Gravities  {Ure). 


Specific 
Gravity. 

Eeal  acid 
in  100 
parts  of  the 
Liquid. 

Specific 
Gravity, 

Real  acid 
in  100 
parts  of  the 
Liquid. 

Specific 
Gravity. 

Beal  acid 
in  100 
parts  of  the 
Liqmd. 

1.5000 

79.700 

1.4600 

68.542 

1.4065 

57.384 

1.4980 

78.903 

1.4570 

67.745 

1.4023 

56.587 

1.4960 

78.106 

1.4530 

66.948 

1.3978 

55.790 

1.4940 

77.309 

1.4500 

66.155 

1.3945 

54.993 

1.4910 

76.512 

1.4460 

65.354 

1.3882 

54.196 

1.4880 

75.715 

1.4424 

64.557 

1.3833 

53.399 

1.4850 

74.918 

1.4385 

63.760 

1.3783 

52.602 

1.4820 

74.121 

1.4346 

62.963 

1.3732 

.^l.SOS 

1.4790 

73.324 

1.4306 

62.166 

1.3681 

51.068 

1.4760 

72.527 

1.4269 

61.369 

1.3630 

50.211 

1.4730 

71.730 

1.4228 

60.572 

1.3579 

49.414 

1.4700 

70.933 

1.4189 

59.775 

1.3,529 

48.617 

1.4670 

70.136 

1.4147 

68.978 

1.3477 

47.820 

1,4640 

69.339 

1.4107 

68.181 

1,3427 

47.023 
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TABLE  II.— Continued. 


Specific 
Grravity. 

Eeal  acid 
in  700 

TtflTf'.Q  nf  tTiP 

Liquid. 

Specific 

Eeal  acid 
in  100 
parts  of  the 
Liquid. 

Specific 
Gravity. 

Eeal  acid 
in  100 
parts  of  the 

1 .1  mil  H 

1.3376 

46.226 

1.2212 

30.286 

1.1051 

15.143 

1.3323 

45.429 

1.2148 

29.489 

1.0993 

14.346 

1.3270 

44.632 

1.2084 

28.692 

1.0935 

13.549 

1.3216 

43.835 

1.2019 

27.895 

1.0878 

12.752 

1.3163 

43.038 

1.1958 

27.098 

1.0821 

11.955 

1.3110 

42.241 

1.1895 

26.301 

1.0764 

11.158 

1.3056 

41.444 

1.1833 

25.504 

1.0708 

10.361 

1.3001 

40.647 

4.1770 

24.707 

1.0651 

9.564 

1.2947 

39.850 

1.1709 

23.910 

1.0595 

8.767 

1.2887 

39.053 

1.1648 

23.113 

1.0540 

7.970 

1.2826 

38.256 

1.1587 

22.316 

1.0485 

7.173 

1.2765 

37.459 

1.1526 

21.519 

1.0430 

6.376  ' 

1.2705 

36.662 

1.1465 

20.722 

1.0375 

5.579 

1.2644 

35.865 

1.1403 

19.925 

1.0320 

4.782 

1.2583 

35.068 

1.1345 

19.128 

1.0267 

3.985 

1.2523 

34.271 

1.1286 

18.331 

1.0212 

3.188 

1.2462 

33.474 

1.1227 

17.634 

1.0159 

2.391 

1.2402 

32.677 

1.1168 

16.737 

1.0106 

1.594 

1.2341 

31.880 

1.1109 

15.940 

1.0053 

0.797 

1.2277 

31.083 

TABLE  IIL 


Shewing  the  Quantity  of  Anhydrous  Hydrochloric  A  del  (HCl)  the 
Liquid  Acid  of  different  Specific  Gravities  (Ure). 


Acid 
ofl20 
in  100 

Specific 
Gravity. 

Chlorine. 

Hydro- 
chloric 
Gas. 

Acid 
of  120 
in  100 

Specific 
Gravity. 

Chlorine. 

Hydro- 
chloric 
Gas. 

100 

1.2000 

39.675 

40.777 

92 

1.1857 

36.503 

37.516 

99 

1.1982 

39.278 

40.369 

91 

1.1846 

36.107 

37.108 

98 

1.1964 

38.882 

39.961 

90 

1.1822 

35.707 

36.700 

97 

1.1946 

38.485 

39.554 

89 

1.1802 

35.310 

36.292 

96 

1.1928 

38.089 

39.146 

88 

1.1782 

34.913 

35.884 

95 

1.1910 

37.692 

38.738 

87 

1.1762 

34.517 

35.476 

94 

1.1893 

37.296 

38.330 

86 

1.1741 

34.121 

35.068 

93 

1.1875 

36.900 

37.923 

85 

1.1721 

33.724 

34.660 

TABLE  III. — Contimtied. 
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Acid 
of  120 

111  iUU 

Specific 
Gravity. 

Chlorine. 

Hydro - 
chloi'ic 
Gas. 

Acid 
of  120 
inlOO 

Specific 
Gravity. 



Chlorine. 

Hydi-o 
chloric 
Gas. 

1.1701 

33.328 

34.252 

42 

1.0838 

16.664 

17.126 

1.1681 

32.931 

33.845 

41 

1.0818 

16.267 

16.718 

82 

1.1661 

32.535 

33.437 

40 

1.0798 

15.870 

16,310 

81 

1.1641 

32.136 

33.029 

39 

1.0778 

15.474 

15.902 

80 

1.1620 

31.743 

32.621 

38 

1.0758 

15.077 

15.494 

79 

1.1599 

31.343 

32.213 

37 

1.0738 

14.680 

15.087 

78 

1.1578 

30.946 

31.805 

36 

1.0718 

14.284 

14.679 

77 

1.1557 

30.550 

31.398 

35 

1.0697 

13.887 

44.271 

76 

1.1536 

30.153 

30.990 

34 

1.0677 

13.490 

13.863 

75 

1.1515 

29.757 

30.582 

33 

1.0657 

13.094 

13.456 

74 

1.1494 

29.361 

30.174 

32 

1.0637 

12.597 

13.049 

73  ■ 

1.1473 

28.964 

29.767 

31 

1.0617 

12.300 

12.641 

72 

1.1452 

28.567 

29.359 

30 

1.0597 

11.903 

1'^.233 

'  71 

1.1431 

28.171 

28.951 

29 

1.0577 

11.506 

11.825 

70 
69 

1.1410 

27.772 

28.544 

28 

1.0557 

11.109 

11.418 

1.1389 

27.376 

28.136 

27 

1.0537 

10.712 

11.010 

68 

1.1369 

26.979 

27.728 

26 

1.0517 

10.316 

10.602 

67 

1.1349 

26.583 

27.321 

25 

1.0497 

9.919 

10.194 

66 

1.1328 

26.186 

26.913 

24 

1.0477 

9.522 

9.786 

65 

1.1308 

25.789 

26.505 

23 

1.0457 

9.126 

9.379 

64 

1.1287 

25.392 

26.098 

22 

1.0437 

8.729 

8.971 

63 

1.1267 

24.996 

25.690 

21 

1.0417 

8.332 

8.563 

62 

1.1247 

24.599 

25.282 

20 

1.0397 

7.935 

8.155 

61 

1.1226 

24.202 

24.874 

19 

1.0377 

7.538 

7.747 

60 

1.1206 

23.805 

24.466 

18 

1.0357 

7.141 

7.340 

59 

1.1185 

23.408 

24.058 

17 

1.0337 

6.745 

6.932 

58 

1.1164 

23.812 

23.650 

16 

1.0318 

6.348 

6.524 

57 

1.1143 

22.615 

23.242 

15 

1.0298 

5.951 

6.116 

56 

1.1123 

22.218 

22.834 

14 

1.0279 

5.554 

5.709 

55 

1.1102 

21.822 

22.426 

13 

1.0259 

5.158 

5.301 

54 

1.1082 

21.425 

22.019 

12 

1.0239 

4.762 

4.893 

53 

1.1061 

21.028 

21.611 

11 

1.0220 

4.365 

4.486 

52 

1.1041 

20.632 

21.203 

10 

1.0200 

3.998 

4.078 

51 

1.1020 

20.235 

20.796 

9 

1.0180 

3.571 

3.670 

50 

1.1000 

19.837 

20.388 

8 

1.0160 

3.174 

3.262 

49 

1.0980 

19.440 

19.980 

7 

1.0140 

2.778 

2.854 

48 

1.0960 

19.044 

19.572 

6 

1.0120 

2.381 

2.447 

47 

1.0939 

18.647 

19.165 

5 

1.0110 

1.984 

2.039 

46 

1.0919 

18.250 

18.757 

4 

1.0080 

1.588 

1.631 

45 

1.0399 

17.854 

18.349 

3 

1.0060 

1.191 

1.224 

44 

1.0879 

17.427 

17.941 

2 

1.0040 

0.795 

0.816 

43 

1.0859 

17.060 

17.534 

1 

1.0020 

0.597 

0.408 
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TABLE  IV. 


Shewing  the  Quantity  of  Anhydrous  Potash  {KO)  in  Solutions  of 
different  Specific  Gravities  {Dalton). 


Specific 
Gravity. 

Potash, 
per  Cent. 

Boiling 
Point. 

Specific 
Gravity. 

Potash 
per  Cent. 

Boiling 
Point. 

1.63 

51.2 

329° 

1.33 

26.3 

229° 

1.60 

46.7 

290 

1.28 

23.4 

224 

1.52 

42.9 

276 

1.23 

19.5 

220 

1.47 

39.6 

265 

1.19 

16.2 

218 

1.44 

36.8 

255 

1.15 

13. 

215 

1.42 

34.4 

246 

1.11 

9.5 

214 

1.39 

32.4 

240 

1.06 

4.7 

213 

1.36 

29.4 

234 

TABLE  V. 


Shewing  the  Quantity  of  Anhydrous  Soda  (NaO)  in  solutions  of 
different  Specific  Gravities  (Dalton). 


Specific 
Gravity. 

Soda 
per  Cent. 

BoiUng 
Point. 

Specific 
Gravity. 

Soda 
per  Cent. 

BoiHng 
Point. 

2.00 

77.8 

 °? 

1.40 

29.0 

242° 

1.85 

63.6 

600 

1.36 

26.0 

235 

1.72 

53.8 

400 

1.32 

22.0 

228 

1.63 

46.6 

300 

1.29 

19.0 

224 

1.56 

41.2 

280 

1.23 

16.0 

220 

1.50 

36.8 

265 

1.18 

13.0 

217 

1.47 

34.0 

255 

1.12 

9.8 

214 

1.44 

31.0 

248 

1.06 

4.7 

213 
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TABLE  VI. 

Shewing  the  Quantity  of  Ammoniacal  Gas  {-NJQ  in  Aque< 
Solutions  of  diferent  Specific  Gravities  {Dalton). 


Specific 
Gravity. 

Grains  of  Ammonia 

'  ^   1  f\f\  n^nivta  r\T 

in  J.UU  gr<iiiia  Kjx. 
the  Uquid. 

Boiling 
Points. 

TTriliiTnps  nf  Pffl,s  in 

V  UiU-ixuro  \jx  ^ou^  III. 

one  volume  of 
the  Uquid. 

.850 

35.3 

26° 

494 

.860 

32.6 

38 

456 

.870 

29.9 

50 

419 

.880 

27.3 

62 

382 

.890 

24.7 

'74. 

346 

.900 

22.2 

86 

311 

.910 

19.8 

98 

277 

.920 

17.4 

110 

244 

.930 

15.1 

122 

211 

.940 

12.8 

134 

180 

.950 

10.5 

146 

147 

.960 

8.3 

158 

116 

.970 

6.2 

173 

87 

.980 

4.4 

187 

58 

.990 

2.0 

196 

28 

TABLE  VII. 

Shewing  the  Quantity  of  Absolute  Alcohol  {OiHfi,EO)  contained 
in  Diluted  Alcohol  of  diferent  Specific  Gravities  {Fownes). 


Sp.  Gr.  at  60°. 

Percentage 
of  real 
Alcohol. 

Sp.  Gr.  at  60°. 

Percentage 
of  real 
Alcohol. 

Sp.  Gr.  at  60°. 

Percentage 
of  real 
Alcohol. 

0.9991 

0.5 

0.9841 

10 

0.9716 

20 

0.9981 

1 

0.9828 

11 

0.9704 

21 

0.9965 

2 

0.9815 

12 

0.9691 

22 

0.9947 

3 

0.9802 

13 

0.9678 

23 

0.9930 

4 

0.9789 

14 

0.9665 

24 

0.9914 

5 

0.9778 

15 

0.9652 

25 

0.9898 

6 

0.9766 

16 

0.9638 

26 

0.9884 

7 

0.9753 

17 

0.9623 

27 

0.9869 

8 

0.9741 

18 

0.9609 

28 

0.9855 

9 

0.9728 

19 

0.9593 

29 
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TABLE  YIL—Continued. 


Percentage 
of  real 
Alcohol. 

op.  Vrr.  ab  DU  • 

Percentage 
of  real 
Alcohol. 

op.  vrr.  til  DV/  . 

Percentage 
of  real 
Alcohol. 

0.9578 

30 

0.9090 

54 

0.8533 

78 

0.9.560 

31 

0.9069 

55 

0.8508 

78 

0.9544 

32 

0.9047 

56 

0.8483 

80 

0.9528 

33 

0.9025 

55 

0.8459 

81 

0.9511 

34 

0.9001 

58 

0.8434 

82 

0.9490 

35 

0.8979 

59 

0.8408 

83 

0.9470 

36 

0.8956 

60 

0.8382 

84 

0.9452 

37 

0.8932 

61 

0.8357 

85 

0.9434 

38 

0.8908 

62 

0.8331 

86 

0.9416 

39 

0.8886 

63 

0.8305 

87 

0.9396 

40 

0.8863 

64 

0.8279 

88 

0.9376 

41 

0.8840 

65 

0.8254 

89 

0.9356 

42 

0.8816 

66 

0.8228 

90 

0.9335 

43 

0.8793 

67 

0.8199 

91 

0.9314 

44 

0.8769 

68 

0.8172 

92 

0.9292 

45 

69 

93 

0.9270 

46 

0.8721 

70 

0.8118 

94 

0.9249 

47- 

0.8696 

71 

0.8089 

96 

0.9228 

48 

0.8672 

72 

0.8061 

96 

0.9206 

49 

0.8649 

73 

0.8031 

99 

0.9184 

50 

0.8625 

74 

0.8001 

98 

0.9160 

51 

0.8603 

75 

0.7969 

99 

0.9135 

52 

0.8581 

76 

0.7938 

100 

0.9113 

53 

0.8557 

77 

TABLE  VIII. 

Shewing  the  Specific  Gravities  ofmixtwres  of  Ether  and  Alcohol 
in  different  proportions  [Dalton). 


Specific 
Gravity. 


724 
732 
744 
756 
768 
780 


Ether. 


100 
90 
80 
70 
60 
50 


Alcohol 
(sp.  gi-.830). 

Specific 
Grra'\-ity. 

Ether. 

Alcohol 
(sp.  gr.  830) 

0 

792 

40 

60 

10 

804 

30 

70 

20 

816 

20 

80 

30 

828 

10 

90 

40 

830 

0 

100 

50 
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Nitrate  decom- 
)poBed  by  water. 

The  yeUow  sul- 
phide, insol.  in 
hydrosulp.  of  am- 
monia, is  highly 
characteristic. 

Oxalate  of  am- 
monia causes  a 
white  precipitate 
even    in  very 
dilute  solutions. 

'Vhc  oxide  when 
fused  vrith  nitre, 
gives  chromate 
of  potash. 

Readily  distin- 
guished with  the 
blowpipe. 

Precipitated  in 
themetallic  state 
by  clean  iron ; 
and  as  the  black 
oxide  by  zinc. 

With  eodtt  on 
charcoal,  re- 
duced; brittle 
bead  of  metal. 

With  soda  on 
charcoal  re- 
el metal  volatil- 
ives  a  reddish- 
eposit. 

Radiates  a 
brOhant  hght. 
Gives  a  red 
colour  to  the 
flame. 

Emerald 
green  vrith 
fluxes. 

Blue  glass, 
with  borate  in 
both  flames. 

With  soda  on 
charcoal,  re- 
duced. With 
borax  and  mie. 
sidt  in  outer 
flame,  green;  ill 

'  II IIUI  UilJilUlLU. 

White, 

White. 

duced  an 
ized;  Ici 
brown  d 

O 

O 

Pale 
green  or 
grey. 

Maho- 
gany 

colour- 
ed; 
insol. 

White; 
insol. 

a 

sol.  in 
excess. 

o 

Green ; 

Blue; 
sol.  in  ex. 
forming  a 
brownish 
red  sol. 

Pale  blue, 
sol.  in  ex. 
forming 
rich  blue 
solution 

a 

insol. 

o 

Green ; 
sol.  in 
excess. 

Blue, 
becoming 
greenish ; 
dirty  red 
on  boiling. 

Pale  blue, 
becoming 
dark 

when 
boiled. 

White; 
iusol. 

White; 
insol. 

White; 
insol. 

Green. 

Pink;  ap. 

sol.  in  ex. 
solution 
puriJle. 

Greenish 
blue,  sol. 
in  ex.. 

deep  blue 
solution. 

White; 
insol.  in 
excess. 

White: 

insol.  in 
excess. 

White; 
insol.  in 
excess. 

Green, 

Pink; 
insol. 
Bluish  on 
bofling. 

Greenish 
blue,  be- 

coming 
dark 
brown  on 
boiling. 

Brown- 
black  ; 
insol.  in 
excess. 

Bright 
yellow; 
iusol.  in 
excess. 

O 

Green, 

Black. 

Black. 

Brown- 
black, 

Bright 
yellow. 

O 

O 

O 

Black. 

,  CdO. 

CaO. 

CoO. 

d 

Bismuth, 
oxide  of 
(see  also 
p.  118). 

Cadmium, 

oxide  of. 

Calcium 
(Lime) 

(see  also 
p,  80). 

^  

2  Chro- 
mium, ox- 
ide of  (see 
also  p.  87). 

Cobalt, 
oxide  of 
fsee  also 

p.  95). 

COPPBE, 

oxide  of 
(see  also 
P.  113). 

E  2 
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Memarlcs. 

Glucina  dis- 
solves in  cold 
solution  of  carb. 
anunonia,  and 
is  thrown  doTO 
on  boiling. 

Thrown  down  in 
the  form  of  a 
brown  metallic 

powder  when 
boiled  with  pro- 

tosulph.  iron. 

The  solutions 
have  a  deep- 
brown  colour. 

.a 

ells 

.2o  S.2 

0  1 

-r-  0 

Q  S  S  a 

Blowpipe. 

With  nitrate 

of  cobalt, 
dark  grey  or 
black. 

Eeduced. 

0 

1 

0 

With  the  fluxes 
in  the  outer 
flamo,  brown- 
isli-yeUow ;  in 
tlieinncr  Hame, 
light  green. 

0 

0 

Solution 
slowly 
disco- 
loured. 

White, 
instantly 
chang- 
ing to 
light 
blue. 

e  . 

White; 
insol. 

Yellow; 
insol. 

As  with 
potash.  On 

exposure 
totheair,  a 
slight  blue 
precipitate 
falls. 

As  with 
potash ; 
butbecom- 
ing  brown 
more  ' 
rapidly. 

Wliite; 
sol.  in  ex. 

Yellowish 
brown. 

Slightbrown. 
The  solution 
becomes  first 
colourless, 
and  subse- 
quently 
bluish. 

WMte 
becoming 
green,  and 
on  standing, 
rust- 
colourod. 

White; 
sol.  in  ex. 

YeUow ; 
insol. 

Bleaches 
the  solu- 
tion. 

As  with 
carlionate 
of  soda. 

White; 
sp.  sol. 

0 

f 

3  —  0 

P  0  . 
&!  n 
H  CO 

White, 
then  green, 
and  ulti- 
mately 
rust- 
coloured. 

Hydro- 

sulphate 
of' Am- 
monia 

BS). 

0 

Brown- 
black  ; 
sol.  in  ' 
excess. 

Brown ; 
sol. 

Black. 

Hydro- 

szUphm-ic 

Acid 
(HK),  in 
anacidified 
solution. 

0 

Black. 

Slight 
brown. 

0 

Symbol. 

0 
Ci) 

0 

d 



■i 

M 
P 

0 

02  0 

M 

Pi  ID  H 
h-l  0 

Iron, 

protoxide 

of 

(see  also 
p.  pi). 
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.9^ 


DO 


3  ^ 


_    ^  .3 

0)  +i  O 


CD  -Tp^  O  P      "t^  o 

S  S  Phtj  ca 
PHpCiS  e  ci.g  P  ftp 


a  .3  d 


H  "tj  o  S  2 


.tS  O  (D  S  :«  S 
S  .9  o  ® 


Si  °  1 
.S  o 


1^ 


d  °  £  a| 

o)  w  a,  o 
o.aoca-So-'w) 


=1  3 


OJ  f 
.t^  d- 

|5h 


3 

3 

Black. 

O 

o 

Flesh- 
colour- 
ed. 

O  ©  ^  Q. 

^a  .'S .  - 

Black. 

O 

o 

O 

« 

d 

LiO. 

d 

t 

d 
1 

Ibon,  per- 
oxide of 
(see  also 
p.  92). 

Lead, 
oxide  of 
(see  also 
p.  111). 

LiTHIA. 

Magnesia 
(see  also 
p.  78). 

Manga- 
nese, 
protoxide 
of 

(see  also) 
p.  89). 
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I* 

1 
g 

White  preoipi  tat  e 

witli  chlorides, 
blackened  by  am- 
monia. Volatd.or 
decompd.byheat. 

Volatihzed  orde- 
compd.  by  heat. 
Beautiful  scarlet 
with  iodide  of 
potassium. 

Most  readily 
distinguished  by 
the  blowpipe. 

Potash 
throws  do\vn 
a  pale-green 
precipitate  from 
the  aimuoniacal 
solution. 

Bloicpipe. 

Mixed  with 
soda,  and  heat- 
ed in  a  tube, 
the  metal 
sublimes. 

As  the 
protoxide. 

With  micro- 
cosmic  salt  in 
outer  flame,  a 
green  glass. 

With  soda  on 
charcoal,  re- 
duced to  a 

magnetic  pow- 
der. With 

borax  and  mio. 
salt  in  outer 
flame,  rod 

plass,  beconi- 

ing  colourless 
on  cooling.  1 

•  &  i  r» 

White. 

White. 

Bro^vu 
with  the 
bin- 
oxide. 

Pale 
green. 

■S  • 

Black; 
insol. 

White; 
insol. 

Brown- 
black  ; 
insol. 

Pale 
green; 
soluble, 
Ibrming 
a  blue 
solution. 

Potash 
(KO). 

©  a  ^-i 

o  o 

g.g 

o  o 

^  to 

tH-" 

iji 

Dark- 
grey. 

White; 
insol. 

Brown; 
sol. 

Pale 
green ; 

soluble ; 

forming 
green 

solution. 

Carbonate 
of  Soda, 
\NaO, 

■a 

a  2 
O  So 

Reddish- 
brown  ; 
insol. 

Brown; 
sol. 

•  Pale 
green ; 
insol. 

Black. 

White, 
turning  to 
black. 

Yellowish- 
brown; 
sol. 

Black. 

Sydiro- 

sulphnric 
Acid 

an  acidified 
solution. 

.a 

o 

S 

White, 
turning  to 
black. 

Brown- 
black, 
slowly 

formed. 

O 

Symbol. 

d 
b( 

O 

6 

%  . 

MEECtTET, 

protoxide 

of 
(see  also 
p.  107). 

Mebcuet, 
peroxide 

of 
(see  also 
p.  109). 

R    .  O 

Nickel, 
oxide  of 
(see  also 
p.  94). 
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ja  ^  =a  g  o 

N  ,H  O  ©  O 

Yellowish-white 
with  solution  of 
cyanide  of  mer- 
cury. 

Yellow  with  mu- 
riate of  ammonia, 
which  is  convert- 
ed by  heat  into 
spongy  platinum. 

White  crystallme 
precipitate  with 

tartaric  acid.  Yel- 
low with  bichlo- 
ride of  platinum. 

Many  ot  tne 
compounds  have 
a  rose-colour. 

White  curdy  pre- 
oipte.  with  hydi'O- 
chlorio  acid  and 
chlorides,  which 
is  sol.  in  ammo- 
nia, and  insol. 
in  nitric  acid. 

Osmium  is  ch 
forming,  wheu  1 
a  suboxide, 
and  has  a  ver; 
smell,  causing  i 
ence  to  the  6 

Keduced. 

Keduced. 

Violet  flame. 

Keduced. 

Keduced. 

O 

O 

O 

O 

Dark 
orange. 

White. 

Brown 
after  some 
time. 

Yellowish- 
brown; 
sol. 

Yellow. 

o 

Yellowish 
after  a 
time. 

a  p  . 

2 

Black  on 
boiling. 

Yellowish- 
brown; 
sol. 

Yellow. 

o 

YeUovrish- 

brown 
on  boiling. 

Pale 
brown ; 
insol. 

Bi'own 
after  some 
time. 

Solution 
decoloriz- 
ed, but  no 
precipitate 

Yellow. 

o 

Yellowish 
after  a 
time. 

White; 

BOl. 

Black, 
slowly 

formed. 
Bluish 

solution. 

BroTO ; 
sol.  Eepre- 
•cipitated 
on  boiling. 

YeUow 
^vith  car- 
bonate of 

potash. 

o 

Yellowish 
after  a 
time. 

White; 
insol. 

Jd  bjD 

Yellowi 
brown 
insol 

Black 
insol, 

Browni 
black 

sol.  in  la 
excess 

o 

Brovn 
insol, 

Black 

Yellowish- 
brown, 
slowly 
formed. 

Black. 

Brownish- 
black, 
formed 
slowly. 

o 

Brown, 
formed 
slowly. 

Black. 

d 

"a  '■ 
• 

ot 

O 

o" 

N 

o 

« 

o" 

Palla- 
dium, 
protoxide 
of. 

Potash, 
(see  also 
p.  73.) 

Khodium, 
sesquiox- 
ide  of. 

SiLVEB, 

oxide  of 
(see  also 
p.  114). 

248 


APPENDIX. 


1 


9>z 


03  .CT      m  efi  i-i--'  7? 


ta  S 


II 


.&3 

U  CO 


pq  o 


3s 
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P  °  5  S  a 


"  2 
a  «> 


•S  ■ 


o 


00  . — V 

O 

O 

White; 
sol. 

White; 
sol. 

-S      3  IM 

o 

^' 

White; 
insol. 

Wliite ; 
insol. 

•2 

o 

o 

White; 
inaol. 

White; 
insol. 

.  ■=   .§  - 

o 

O 

Brown- 
black. 

Yellow ; 
sol. 

Sydro. 

Acid  (B.S) 
in  an 
acidified 
solution. 

o 

O 

Brown- 
black, 

YeUow, 

Symbol 

d 

SrO. 

6 

O 

Name  of 
Base. 

o 

Strotttia 
(see  also 
p.  84). 

protoxide 

of 
(see  also 
p.  115). 

Tin, 
peroxide 

of 
(see  also 
P  116). 
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Antimonious  acid  becomes  pale- 
yellow  when  heated,  and  white 
again  on  cooling.    It  is  insoluble 
in  nitric  acid,  and  difficultly  so- 
luble in  hot  hydrochloric  acid. 

Insoluble  in  water  and  nitric  acid. 
Soluble  in  hydrochloric  acid,  from 

which  it  is  precipitated  on  the 
addition  of  water.  When  strongly 

heated,  gives  off  oxygen,  and 
becomes  autimonious  acid. 

Volatihzes  at  a  low  heat,  and 
condenses  in  octohedral  crystals. 
The  best  tests  are  Marsh's  and 
Reinsch's.   (See  p.  89.) 

Heated  with  black  flux,  gives 
metallic  arsenic. 

3 

c 

6 

0 

0 

Nitrate  of 
Lime 
(CaO, 
NO,),  (in 
alkaline 
salts  of 
the  acids), \ 

a 
-i- 

sp.  sol.  in 
water. 

White. 

White. 

Nitrate  of 
Silver 

NO,),  (in 
alkaline 
salts  of 

the  acids). 

1 
+- 

a 

-^■ 

j 

Pale- 
yellow. 

Chocolate- 
brown. 

Chloride 
of  Barium 
(Bad), (in 
alkaline 
salts  of 
the  acids)., 

a 
•t- 

sp.  sol.  in 
water. 

<D 

White. 

Orange : 
sol. 

Orange ; 
sol. 

Yellow; 
sol. 

Yellow; 
sol. 

"S'S  5 
s  a  -"^  <a  a 

Orange. 

Orange, 

YeUow ; 
soluble  in 
alkalies  and 

alkahne 
sulphides. 

YeUow ; 
soluble  in 
alkalies  and 
alkaline 
siilphides. 

Symbol, 

in 

0 

<s 

Acids 
(in  combina- 
tion) , 

cr 
P 
C 

c 

ACID. 

0 

M 

i5  . 

0  p 

r 

Absenious 

ACID 

(see  also  ; 
p.  97). 

R 

^  a 
to  ^ 

4 
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Is  decomposed  by  heat  and  by 
deoxidizing  agents,  into  oxide  of 
chromium.   Salts  of  lead  throw 
down  a  yellow  precipitate. 

Converted  by  acids  into  hyper- 
manganic  acid  and  peroxide  of 
manganese ;  the  colour  of  the 
solution  changing  from  green 
to  red. 

With  miorocosmic  salt  before 
the  blowpipe,  gives  a  dark-blue 
glass,  wiuch  becomes  green  on 
cooling.  Wben  strongly  heated, 
molybdio  acid  volatilizes  and 
condenses  iu  crystals. 

Does  not  volatilize  when  heated. 
Has  a  ]ya\e  yellow  colour,  and  is 
insoluble  m  water  and  acids. 

When  treated  with  hydrochloric 
acid,  the  mixture  is  capable  of 
dissolving  gold-leaf.  Vauadic 
acid  in  solution  is  readily 
deoxidized,  forming  a  blue 
liquid. 

Eeduced  to 
oxide,  with 
evolution  of 
chlorine. 

Solution 
becomes  red, 
and  chlorine 
is  evolved. 

White. 

White  J 
insol. 

Chlorine 
evolved. 

Yellow  in 
concen- 
trated 

solutions. 

Black. 

o 

White. 

o 

Eeddish- 
brown. 

Black 
(oxide) . 

White. 

YeUow. 

Yellow. 

O 

White. 

White. 

Orange. 

Green. 

Flesh- 
coloured. 

Brown ; 
sol. 

Brown; 
sol. 

Brown ; 
sol. 

Eeduced 
to  oxide, 
with  pre- 
cipitation of 
sulphur. 

O 

Brown. 

Slight 
turbidity. 

Grey, 

4 

g 

g 

o 
■< 
u 

^ 

o 

s 

o 

H 

i 

u 

O 

H  . 

M  « 

o  3 

Vanadic 

ACID. 
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LIST  OF  SALTS,  &c. 

WHICH  MAY  BE  EXAMINED  FOR  PRAOTIOE  IN  QUALITATIVE 

ANALYSIS  (Part  III.). 


(a.)  Simple  Salts,  t&c,  soluble  in  Water. 


Chloride  of  barium. 
Sulphate  of  soda. 
Muriate  of  ammonia. 
Sulphate  of  magnesia. 
Chloride  of  calcium. 
Nitrate  of  strontia. 
Sulphate  of  chromium. 
Sulphate  of  zinc. 
Sulphate  of  manganese. 
Protosulphate  of  iron. 
Perchloride  of  iron. 
Sulphate  of  nickel. 
Nitrate  of  cobalt. 


Protonitrate  of  mercui'y. 
Perchloride  of  mercury. 
Acetate  of  lead. 
Sulphate  of  copper. 
Nitrate  of  silver. 
Phosphate  of  soda. 
Iodide  of  potassium. 
Biborate  of  soda. 
Nitrate  of  potash. 
Chlorate  of  potash. 
Carbonate  of  soda. 
Arsenious  acid. 


(6.)  Simple  Salts,  die,  imoluMe  in  Water,  hot  soluble  in  Acids. 

Carbonate  of  magnesia.  Protoxide  of  lead. 

Phosphate  of  lime.  Sulphide  of  antimony. 

Carbonate  of  baryta.  Black  oxide  of  copper. 

Metallic  zinc.  Carbonate  of  lime. 

Carbonate  of  strontia.  Oxide  of  bismuth. 

Sulphide  of  iron.  MetalHc  tin. 


(c.)  Simple  Salts,  d-c,  insoluble  in  Water  and  Acids. 


Sulphate  of  baryta. 
Sulphate  of  strontia. 
Chloride  of  lead. 
Sulphate  of  lead. 


Silica. 

Chloride  of  silver. 
Silicate  of  lime. 
Silicate  of  aliunina. 
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{d.)  Mixed  Salts,  <Ssc.,  sohible  in  Water. 


{  Chloride  of  bariiun, 
I  Nitrate  of  potash. 

\  Sulphate  of  zinc, 
(  Chloride  of  sodium. 

{  Muriate  of  ammonia, 
j  Phosphate  of  soda. 

{  Sulphate  of  copper, 
I  Nitrate  of  cobalt. 

(  Perchloride  of  iron, 
(  Sulphate  of  magnesia. 

Alum  {double  sulphate  of  alu- 
mina and  potash). 

! Chloride  of  calcium, 
Nitrate  of  potash, 
Muriate  of  ammonia. 

(  Nitrate  of  lead, 
<  Nitrate  of  cobalt, 
/  Nitrate  of  strontia. 


{Sulphate  of  nickel, 
Chloride  of  sodium. 
Sulphate  of  magnesia. 
■  Chlorate  of  potash, 
Biborate  of  soda. 
Muriate  of  ammonia, 
,  Arsenious  acid. 

Nitrate  of  soda. 
Nitrate  of  Ume, 
Nitrate  of  baryta. 
Nitrate  of  zinc. 
Nitrate  of  lead, 
VNitrate  of  copper. 

i Sulphate  of  potash, 
Phosphate  of  soda, 
Biborate  of  soda, 
Carbonate  of  ammonia. 
Chloride  of  potassium, 
Iodide  of  potassium, 
Nitrate  of  ammonia. 


(e.)  Mixed  Salts,  &c.,  insoluble  in  Water,  Int  soluble  im  Acids. 


Carbonate  of  magnesia, 
Sulphide  of  iron. 
Protoxide  of  lead, 
Phosphate  of  lime. 
Carbonate  of  lime, 
Black  oxide  of  copper. 

Brass. 

Oxide  of  bismuth. 
Sulphide  of  iron. 
Sulphide  of  antimony. 


Magnesian  limestone. 

Iron  pyrites. 

Copper  pjrites. 

Argentiferous  galena. 

German  silver. 

Arsenical  cobalt  ore. 

The  solid  matter  contained  in 
sea,  well,  or  river  water._ 

The  portion  of  soils  which  is  so- 
luble ia  acids. 


(/.)  Mixed  Salts,  d-c,  insoluble  in  Water  and  Acids. 


Chloride  of  silver, 
Sulphate  of  baryta. 

I  Silica, 

'  Chloride  of  lead. 


I  Sulphate  of  lead. 

Silicate  of  alumina, 
'  Chloride  of  silver. 
'  The  insoluble  portion  of  soils. 

Slate. 

Siliceous  minerals. 
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GLOSSARY  OF  CHEMICAL  TERMS* 


Absorptiojt,  from  absorheo,  to  suck  up;  tlie  act  of  imbibing  a  liquid. 

AoETio  ACID,  from  aeetum,  Tinegar ;  the  acid  contained  in  vinegar. 

Aeriform,  from  arjp,  the  aii",  and  forma,  a  form  ;  having  the  form 
or  properties  of  air. 

Affinity,  from  ad,  to,  and  Jinis  a  boundary ;  relationship  ;  the 
force  which  causes  particles  of  dissimilar  kinds  of  matter  to 
combine  together,  so  as  to  form  new  matter. 

Albumen,  -inous,  from  albumen,  the  white  of  an  egg  ;  an  important 
animal  principle.  The  white  of  an  egg  consists  chiefly  of  albu- 
men and  water,  contained  in  a  cellular  tissue. 

Alcohol,  from  an  Arabic  word ;  the  intoxicating  principle  of  spi- 
rituous liquors. 

Alkali,  a  soluble  body,  with  a  hot  caustic  taste,  which  possesses  the 
power  of  destroying  or  neutralizing  acidity.    The  term  is  derived 
from  the  Arabic  article,  al,  and  Ical  i,  the  Arabic  name  of  a  plant 
from  the  ashes  of  which  one  of  the  most  important  alltalies 
(potash)  is  obtained. 

Amalgam,  from  a/xa,  together,  and  yajxsui,  to  marry ;  a  term  sig- 
nifying the  xmion  of  any  metal  with  mercury,  which  has  the 
property  of  dissolving  several  of  the  metals. 

Amorphous,  from  a,  not,  and  fiopcpt),  a  form ;  not  possessing  any 
regular  form. 

Analogue,  that  which  is  the  counterpart  of  another. 

Analogy, -ioal,  and-ous,  from  ai/d,  among,  andXoyoc,  a  relation  or 

proportion;  a  lOceness  or  resemblance  between  things,  with 

r^ard  to  their  circumstances  or  effects. 

Analysis,  from  ava,  among,  and  Xwo,  to  loosen  ;  the  separation  of  a 
substance  into  its  component  parts. 

•  Many  of  the  definitions  are  taken  almost  verbatim  from  D^nieU's  Chp 
mical  PMlosophy. '  ^••^^li  =  v^iie- 

s  2 
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Angle,  from  angulus,  a  comer  ;  the  inclination  of  two  straight  lines 
to  each,  other,  which  meet  together,  but  are  not  in  the  same 
straight  line. 

Anhydrous,  from  a,  not,  and  vdwp,  water ;  containing  no  water. 
Antiseptic,  from  avrl,  against,  and  ffjjTrw,  to  putrify ;  possessing 

the  power  of  preventing  or  retarding  putrefaction. 
Aqua  Ubgia,  i.  e.,  Regal  Water,  a  mixture  of  nitric  and  hydro- 
chloric acids ;  so  called  from  its  property  of  dissolving  gold, 

which  was  held  by  the  alchemists  to  be  the  king  of  the  metals, 
Aqueo,  from  aqua,  water ;  when  prefixed  to  a  word,  denotes  that 

water  enters  into  the  composition  of  the  substance  which  it 

signifies,  as  aqueo-sulphuric  acid  {HO,SO^. 
Athermanous,  from  d,  not,  and  B'tpiioQ,  heat ;  that  through  which 

heat  will  not  pass,  is  said  to  be  athermanous. 
Atmosphere,  from  aTfioQ,  vapour,  and  cr^alpa,  a  sphere;  commonly 

used  to  denote  the  sphere  of  air  which  surrounds  the  globe. 
Atom,-ic,  from  d,  not,  and  rtjitvw,  to  cut;  a  minute  particle  of 

matter,  not  susceptible  of  further  division. 
Attraction,  -ive,  from  ad,  to,  and  tralio,  to  draw ;  the  tendency 

which  bodies  have  to  approach  or  unite  with  each  other. 
Azote,  from  d,  not,  and  ?tuj?,  life  ;  another  name  for  nitrogen;  so 

called  because  it  is  incapable  of  supporting  respiration. 

Barium,  from  ^apve,  heavy  ;  the  metallic  base  of  baiyta. 

Barometer,  from  |3dpoe,  weight,  and^srpov,  ameasui-e;  an  instru- 
ment for  measuring  the  varying  pressure  of  the  atmospHere. 

Baryta,  a  compound  of  oxygen  and  the  metal  ficwiwm,  (BaO),  pos- 
sessiog  alkaline  properties. 

Bibulous,  from  Uho,  to  drink  ;  that  which  has  the  property  of  drink- 
ing in,  or  absorbing,  moisture. 

Boron  a  dark,  olive- coloured  elementary  substance,  obtained  from 
boracic  acid,  insoluble  in  water,  and  a  non-conductor  of  elec- 
tricity. 

Bromine,  from  ^pS,iioQ,  a  strong  odour;  an  elementary  liquid  of  a 
reddish-bro^  colour  and  suffocating  smeU  :  m  chemical  proper- 
ties,  it  strongly  resembles  iodine. 

Caloric  from  calor,  heat ;  an  imaginary  fluid  substance,  supposed  to 
Je  diffus^d  through  all  kinds  of  matter,  and  the  sensible  effect  of 
which  is  called  heat.  .      ,    r  c 

Capillary,  from  capilh^,  ahair  resembling,  or  havmg  tiie  form  of 
hairs. 
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Capsule,  from  capsula,  a  little  chest ;  a  small  shallow  cup. 

Carbon,  from  carlo,  a  coal ;  the  chemical  name  for  charcoal. 

Cattstic,  from  /caiw,  to  burn  ;  possessing  the  power  of  burning. 

Chemistry, -iCAL,  from  an  Arabic  word,  signifying  the  knowledge  of 
the  substance  or  constitution  of  bodies  ;  the  science  whose  ob- 
ject it  is  to  examine  the  constitution  of  bodies. 

Chlorine,  from  %Xw|o6c,  green  ;  a  greenish  coloured  gas,  of  a 
pungent  siiffocating  smell,  and  possessing  chemical  properties 
nearly  allied  to  those  of  oxygen. 

Cleavage,  Plane  of,  the  plane  in  which  crystals  have  a  tendency 
to  separate. 

Cohesion,  from  con,  together,  ani  hcereo,  to  stick ;  the  power  which 
causes  the  particles  of  a  body  to  cling  together  and  resist  sepa- 
ration. 

Combustion,  from  comhuro,  to  bum  ;  the  disengagement  of  light  and 
heat,  which  frequently  accompanies  chemical  combination. 

Conduction,  from  con,  together,  and  duco,  to  lead ;  the  power  of 
transmitting  heat  or  electricity,  without  change  in  the  relative 
position  of  the  particles  of  the  conducting  body. 

Congelation,  from  con,  together,  and  gelo,  to  freeze ;  the  process 
of  freezing. 

Constituent,  from  constituo,  to  put  together ;  that  of  which  anything 

consists,  or  is  made  up. 
Contraction,  from  con,  together,  and  traho,  to  draw ;  the  state  of 

being  drawn  into  a  narrow  compass,  or  becoming  smaller. 

Convex,  from  con,  together,  and  veho,  to  carry  ;  curved  outwardly, 
or  protuberant. 

Corpuscular,  from  corpus,  a  body ;  composed  of,  or  relating  to, 
atoms. 

Crystallography,  from  KpiffraWog,  a  crystal  or  ice,  andypa^w,  t& 
describe  ;  the  science  which  treats  of  crystals. 

Crystallization  ;  the  formation  of  crystals  during  the  passage  of 
certain  substances  from  a  fluid  to  a  solid  state. 

Cube,  -ic  ;  a  solid  figure  contained  by  six  equal  squares. 

Cyanogen,  from  kvuvoq,  blue,  and  ytvvdb),  to  produce ;  a  colourless 
gas  composed  of  carbon  and  nitrogen  (CgN).  Its  chemical  pro- 
perties much  resemble  those  of  oxygen  and  chlorine  ;  it  derives 
its  name  from  the  circumstance  of  its  entering  into  the  composi- 
tion of  Prussian  blue. 

Cyanide  ;  a  compound  of  cyanogen  with  a  metal  is  called  a  cyanide, 
as  cyanide  of  potassium  (K,CgN). 
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Decomposition;  the  resolution  of  a  compound  substance  into  its 
component  parts. 

Decrepitation,  from  de,  from,  and  crepito,  to  crackle ;  the  crack- 
ling noise  which  certain  salts  make  when  heated,  usually  caused 
by  the  sudden  escape  of  water. 

Deflagration,  from  deflagro,  to  bum  ;  burning. 
Deliquescence,  from  deliqueo,  to  melt ;  a  gradual  melting  or  dis- 
solving, caused  by  the  absorption  of  water  from  the  atmosphere. 

Density,  from  densus,  thick ;  vicinity  or  closeness  of  particles  ; 
specific  weight. 

Deoxidize  ;  to  deprive  of  oxygen. 

Detonation,  from  detono,  to  thunder ;  explosion  accompanied  with 
noise. 

Diaphanous,  from  Sia,  through,  and  (paivoj,  to  shine  ;  that  which 
allows  a  passage  to  the  rays  of  light,  but  disperses  them  so  as  to. 
prevent  direct  vision. 

DiATHBRMANOUS,  from  Sid,  through,  and  Oepfibg,  heat ;  that  through 
which  heat  will  pass,  is  said  to  be  diathermanous. 

Dimorphous,  from  Siq,  twice,  and  fiop^i^,  a  form  ;  having  two  dis- 
tinct crystalline  forms. 

Disintegration,  from  dis,  meaning  separation,  and  integer,  whole ; 
a  complete  separation  of  particles. 

Distillation,  a  separation  drop  by  drop  ;  the  process  by  which  a 
fluid  is  separated  from  another  substance  by  being  first  con- 
verted into  vapour,  and  afterwards  condensed  drop  by  drop. 

Dodecahedron,  from  SwSsKa,  twelve,  and  eSpa,  a  base  or  side ;  a 
solid  figure  contained  by  twelve  equal  sides. 

Ebullition,  from  ehulUo,  to  boU  ;  the  act  of  boiling. 

Effervescence  ;  the  escape  of  bubbles  of  gas  formed  iu  a  liquid,  as 
when  marble  is  decomposed  by  hydrochloric  acid. 

Efflorescence,  from  effloresco,  to  blow  as  a  flower ;  the  formation 
of  small  crystals  on  the  surfaces  of  bodies,  in  consequence  of  the 
abstraction  of  water  from  them  by  the  atmosphere. 

Electricity,  from  rjXtKrpov,  amber ;  the  name  of  a  power  of 
matter,  which  produces  a  variety  of  pecuKar  phenomena,  the 
first  of  which  were  observed  in  the  mineral  substance  called  am- 
ber ;  the  laws,  hypotheses,  and  experioQents  by  which  they  are 
explained  and  iQustrated  constitute  the  science  of  electricity. 

Electrode,  from  i'jXeKrpov,  electricity,  and  oSdg,  a  way  ;  the  point 
at  which  an  electric  current  enters  or  quits  the  body  through 
which  it  passes. 
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Electkolysis,  -lyte,  from  yXeKTpov,  electricity,  and  Xvui,  to  loosen; 

the  act  of  decomposing  bodies  by  electricity. 
Element,  from  elementiom,  an  element ;  that  which  cannot  be  re- 
solved into  two  or  more  parts,  and  contains  but  one  kind  of 

ponderable  matter. 
Empteeumatic,  from  kv,  in,  andTryp,  fire  ;  having  the  taste  or  smell 

of  burnt  animal  or  vegetable  substances. 
Endosmose,  from  evSov,  within,  and  wcxfiog,  the  act  of  pushing  ;  a 

flowing  from  the  outside  to  the  inside. 
Equivalent,  from  cequus,  equal,  and  valeo,  to  be  worth  ;  equal  in 

value,  or  in  the  power  of  combining  with  other  substances. 
EvAPOBATioN,  from  e,  out,  and  vapor,  vapour ;  the  conversion  of  a 

liquid  iato  vapour. 
ExosMOSE,  from  t^o),  without,  and  wfffx.bg,  the  act  of  pushing  ;  a 

flowing  from  the  inside  to  the  outside. 

Expansion,  from  expando,  to  open  out ;  the  enlargement  or  increase 
in  the  bulk  of  bodies,  which  is  produced  by  heat. 

Experiment,  from  experior,  to  attempt,  to  try  ;  something  done  in 
order  to  discover  an  uncertaiu  or  unknown  effect. 

Explosion,  from  ex,  out,  and  plaudo,  to  utter  a  sound ;  a  sudden 
expansion  of  an  elastic  fluid,  with  force  and  a  loud  report. 

Fermentation,  from  fermentum,  that  which  is  light  and  pufiy ; 
originally  applied  to  the  process  by  which  alcohol  is  formed  in 
saccharine  liquids. 

Ferruginous,  from  ferrum,  iron  ;  belonging  to,  or  resembling,  iron. 
Filter,  a  strainer. 

Fluorine,  from/«o,  to  flow;  an  elementary  principle  contained  in 
fluor  spar,  which  is  so  called  from  its  acting  as  a  flux  in  the 
working  of  certain  minerals. 

Flux,  from /mo,  to  flow;  that  which  itself  readily  melts  when  heated, 
and  assists  in  the  fusion  of  other  substances  when  mixed  with  it. 

Focus,  from  focus,  a  fire-place  ;  a  point  in  which  a  number  of  rays 
of  light  or  heat  meet,  after  being  refracted  or  reflected. 

Gas,  a  permanent  aeriform  fluid. 

Gelatinous,  from  gelo,  to  freeze  ;  resembling  jelly. 

Gravity,  from  gravis,  heavy  ;  the  natural  tendency  of  bodies  to  fall 
towards  a  centre,  usually  the  centre  of  the  earth. 

Gravity,  Specific  ;  the  relative  gravity  or  weight  of  a  body,  consi- 
dered with  regard  to  an  equal  biilk  of  some  other  body,  which 
is  assumed  as  a  standard  of  comparison. 


264 


APPENDIX. 


Heterogeneous,  from  'irtpoc,  different,  and  ysvog,  kind  ;  different 

in  nature  and  properties. 

Homogeneous,  from  ofibg,  like,  and  ykvog,  kind ;  alike  in  nature 
and  properties. 

Hydkate,  from  vSiDp,  water  ;  any  substance  whicli  contains  water 
chemically  combined. 

Hydrogen,  from  vSiop,  water,  and  ■yivvaw,  to  produce  ;  an  inflam- 
mable, colourless,  and  aeriform  fluid  ;  the  lightest  of  aU  known 
substances,  and  one  of  the  elements  of  water. 

Hydro  ;  when  prefixed  to  the  name  of  a  chemical  substance,  denotes 
that  hydrogen  enters  into  the  composition  of  the  substance  which 
it  signifies. 

Hydrostatics,  from  vStup,  water,  and  (TTarbg,  poised ;  the  branch 
of  Natural  Philosophy  which  treats  of  the  pressure  and  equili- 
brium of  non- elastic  fluids,  and  also  of  the  weight,  pressure,  • 
&c. ,  of  solids  immersed  in  them. 

Hypo,  from  vwb,  under ;  when  prefixed  to  a  word,  denotes  an  inferior 
quantity  of  some  ingredient  which  enters  into  the  composition 
of  the  substance  which  it  signifies. 

Hypothesis,  from  vtto,  under,  and  Ti6t}[j,i,  to  place ;  a  principle  sup- 
posed, or  taken  for  granted,  in  order  to  prove  a  point  in  question. 

Ignite,  from  ignis,  fire ;  to  heat  a  substance  to  redness ;  to  set  on 
fire. 

Imponderable,  from  in,  not,  and  pondero,  to  weigh ;  that  which 

has  no  perceptible  weight. 
Incandescent,  from  incandesco,  to  grow  white  ;  white  or  glowing 

with  heat. 

Increment,  from  incresco,  to  increase  ;  the  quantity  by  which  any- 
thing increases  or  becomes  greater. 

Induction,  electrical,  from  in,  to,  and  duco,  to  lead ;  the  effect 
produced  by  the  tendency  of  an  insulated  electrified  body,  to 
excite  an  opposite  electric  state  in  neighbouring  bodies. 

Inertia,  from  inertia,  inactivity ;  the  disposition  of  matter  to  remain 
in  its  state  of  rest  or  motion. 

Inflammable,  from  in,  and  flamnia,  a  flame  ;  capable  of  burning 
with  a  flame. 

Insulation,  from  insula,  an  island ;  when  a  body  containing  a 
quantity  of  free  heat  or  electricity  is  surrounded  by  non-con- 
ductors, it  is  said  to  be  imulatcd. 

Interstices,  from  interstitium,  a  break  or  interval ;  the  unoccupied 
spaces  between  the  molecules  of  bodies. 
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Iodide  ;  a  compoiincl  of  iodine  and  a  metal. 

Iodine,  from  lov,  a  violet,  and  eWog,  the  form  or  likeness  ;  a  soft 
opaque  elementary  substance,  wHch,  when  heated,  sublimes  in 
the  form  of  a  violet-coloured  vapoui-. 

Isomeric,  from?,7oc,  equal,  and  ^Lkpoc,  a  part;  substances  which 
consist  of  the  same  ingi-edients,  in  the  same  proportions,_  and 
yet  differ  essentiaUy  in  their  properties,  are  called  isomeric. 

LAMINJ5,  from  lamina,  a  thin  plate;  extremely  thin  plates,  of  which 

some  solid  bodies  are  composed.- 
Levigation,  from  Icevis,  smooth  ;  the  reducing  of  hard  bodies  to  a 

very  fine  powder,  by  grinding  with  water. 
LiGNiN,  from  ligmtm,  wood ;  an  organic  principle  of  which  the  fibres 

of  vegetables  are  mainly  composed. 
Litmus;  a  blue  pigment  obtained  from  the  Hchen  roccella;  it  is  a 

most  delicate  test  for  acids,  which  turn  it  red. 

Malleable,  from  malleus,  a  hammer;  that  which  is  capable  of 

being  spread  out  by  hammering. 
Metallurgy,  from  fisTaWov,  a  metal,  and  ipyov,  a  work ;  the  art 

of  working  metals,  and  separating  them  from  their  ores. 
Molecules,  -ar,  a  diminutive  from  moles,  a  mass ;  the_  infinitely 

small  materkl  particles,  of  which  bodies  are  conceived  to  be 

aggregations. 

MuoiLAGiNOUS ;  resembling  mucilage  or  gum. 

Mukexide,  from  murex,  a  fish  affording  a  purple  dye ;  a  beautiful 
purple  compound,  resulting  from  the  decomposition  of  uric  acid 
by  means  of  nitric  acid. 

Nascent,  from  nascor,  to  be  horn ;  in  the  moment  of  formation. 

Nitrogen,  from  v'lrpov,  nitre,  and  yevvaw,  to  produce ;  a  colourless 
elementary  gas,  devoid  of  taste  and  smell ;  it  is  one  of  the  con- 
stituents of  the  atmosphere,  and  also  of  nitric  acid,  from  which 
latter  circumstance  it  derives  its  name. 

Nitrogenous  ;  containing  nitrogen  in  combination. 

Nucleus,  from  nucleus,  a  kernel ;  the  central  parts  of  a  body,  which 
are  supposed  to  be  firmer,  and  separated  from  the  other  parts,  as 
the  kernel  of  a  nut  is  from  the  shell ;  also,  the  point  about 
•    which  matter  is  collected. 


Octohedron,  -al,  from  oicrw,  eight,  and  'idpa,  a  side ;  a  solid  figure 
contained  by  eight  equal  and  equilateral  triangles. 
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Olepiant  gas,  from  oleum,  oH,  and/o,  to  become;  a  colourless  gas 
composed  of  carbon  and  hydrogen  (C^H^),  ^hich  derives  its 
name  from  its  property  of  forming  an  oil-Uke  liquid  with 
chlorine. 

Organic  mattee,  from  opyavov,  an  organ ;  matter  of  which  the 
organic  parts  or  juices  of  plants  and  animals  are  composed,  or 
which  is  derived  from  such  parts  by  the  action  of  chemical  agents, 
is  called  organic. 

Oxide  ;  a  compound  of  oxygen  with  a  metal  or  non-metallic  body, 
not  having  acid  properties. 

Oxidize  ;  to  combine  with  oxygen. 

Oxygen,  from  olvg,  acid,  and  ysvvau),  to  produce;  a  colourless 
elementary  gas,  which  was  formerly  supposed  to  be  the  universal 
acidifying  principle. 

Pellicle,  a  diminutive  from  pelUs,  a  skia  or  crust ;  a  thin  crust 
formed  on  the  surface  of  a  solution  by  evaporation. 

Percolate,  from  per,  through,  and  cola,  to  strain ;  to  strain  through. 

Permeate,  from  permeo,  to  pass  through ;  to  penetrate. 

Phenomenon,  from  (paivofiai,  to  appear ;  an  appearance  which  is 
more  or  less  remarkable. 

Philosopht;  from  ^iksio,  to  love,  and  ffofla,  wisdom ;  the  study  or 
knowledge  of  nature  or  morality,  founded  on  reason  and  expe- 
rience; the  word  origtaally  implying  "  A  love  of  wisdom." 

Phlogiston,  from  (pXsyw,  to  burn;  a  name  given  by  the  older 
chemists  to  an  imaginary  substance,  which  was  considered  as 
the  principle  of  inflammability. 

Phosphorus,  from  (pai£,  light,  and  ^epco,  to  produce ;  a  highly  in- 
flammable elementary  substance,  obtained  from  calcined  bones, 
which  emits  light  when  placed  in  the  dark,  owing  to  its  under- 
going a  slow  combustion. 

Physics,  -ioal,  from  (pvaiQ,  nature ;  the  science  of  natural  bodies, 
their  phenomena,  causes,  and  efiects,  with  their  affections, 
motions,  and  operations. 

Pneumatics,  from  •jrvevfia,  air ;  that  branch  of  Natui-al  Philosophy 
which  treats  of  the  weight,  elasticity,  and  other  properties  of 
aerifonn  fluids. 

Polarity  ;  the  opposition  of  two  equal  forces  in  bodies,  similar  to 
that  which  confers  the  tendency  of  magnetized  bodies  to  point 
towards  the  magnetic  poles. 

Polarized  light  ;  Ught,  which  by  reflection  or  refraction  at  a  certain 
angle,  or  by  refraction  in  certain  ciystals,  has  acquired  the  pro- 
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perty  of  exHbiting  opposite  effects  in  planes  at  right  angles 

to  each  other,  is  said  to  be  polarized. 
Pokes,  from  ^rSpog,  a  passage  ;  the  smaU  interstices  between  the 

solid  particles  of  bodies. 
Pkecipitation,  from  prcedpito,  to  fall  suddenly ;  the  formation  and 

separation  of  a  solid  substance  in  a  liquid. 
Pkoduot,  from  pro,  forth,  and  duco,  to  dra,w ;  anything  formed 

from  the  elements  of  another  by  an  operation. 
Pyeo,  from  TTvp,  fire ;  when  prefixed  to  a  word,  denotes  that  the 

substance  which  it  signifies,  has  been  formed  at  a  high  tem- 
perature. 

Qualitative  ;  regarding  the  properties  of  a  body,  and  the  kinds  of 
matter  of  which  it  is  composed,  without  reference  to  quantity. 

Quantitative  ;  regarding  quantities. 

Radiation,  from  radim,  a  ray ;  the  shootiug  forth  in  aU  directions 
from  a  centre. 

Rarefaction,  from  rams,  rare,  and  facio,  to  make ;  the  act  of 

causing  a  substance  to  become  less  dense ;  it  also  denominates 

the  state  of  this  lessened  density. 
Reotifioation  ;  the  process  of  drawing  anythiag  off  by  distUktion, 

in  order  to  obtaia  it  in  a  state  of  greater  purity. 
Refraction,  from  re,  back,  and  frango,  to  break ;  the  deviation  of 

rays  of  light  or  heat  from  their  direct  course,  when  passing 

through  media  of  different  densities. 
Refrigeration,  from  re,  again,  and  frigus,  cold ;  the  act  of  cooling. 
Repulsion,  from  re,  back,  and  pello,  to  drive ;  that  property  in 

certain  bodies,  whereby  they  mutually  tend  to  recede  from  each 

other. 

Salifiable  bases,  from  sal,  salt,  and^o,  to  become;  bodies  capable 
of  combining  with  acids,  to  form  salts. 

Sapid,  from  sapio,  to  taste  of ;  possessing  the  power  of  exciting  the 
organs  of  taste. 

Saturation,  -ated,  from  satv/r,  full ;  the  solution  of  one  body  in 
another  untU  the  receiving  body  can  contain  no  more.  A  solu- 
tion is  said  to  be  saturated  with  an  acid  or  an  alkali,  when  the 
latter  is  added  in  suf&cient  quantity  to  render  it  neutral,  and 
supersaturated  when  the  point  of  neutrality  has  been  exceeded. 

Solution,  from  solvo,  to  loosen  or  melt ;  any  liquid  which  contains 
another  substance  dissolved  in  it. 

Solvent  ;  any  substance  which  will  dissolve  another. 
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Specific,  from  species,  a  particular  sort  or  kind ;  that  which  deno- 
minates any  ijroperty  which  is  not  general,  but  is  confined  to 
an  individual  or  species. 

Specific  gravity  ;  see  Gravity,  specific. 

Sublimation,  from  suhlirrvis,  high ;  the  act  of  raising  into  vapour  by 
means  of  heat,  and  condensing  in  the  upper  part  of  the  vessel. 

Sulphide  ;  a  combination  of  a  metal  with  sulphur. 

Supersaturate  ;  see  Saturation. 

Ternary,  from  ter,  thrice ;  containing  three  units. 

Tetrahedron,  from  rkaaapEQ,  four,  and  'iSpa,  a  base  or  side;  a 
solid  figure  contained  by  four  equal  and  equilateral  triangles. 

Transparent  ;  a  term  to  denote  the  quality  of  a  substance  which 
not  only  admits  the  passage  of  light,  but  also  of  the  vision  of 
external  objects. 

Triturate,  from  tritwro,  to  thresh ;  to  reduce  to  powder. 

Vacuum,  horn,  vacvm,  empty;  a  space  empty,  and  devoid  of  al. 
matter. 

Volume,  from  volv/men,  a  roll ;  the  apparent  space  occupied  by  a 
body. 

Weight  ;  the  pressure  which  a  body  exerts  vertically  downwards, 
in  consequence  of  the  action  of  gravity. 

Zero  ;  the  numeral  0,  which  fills  the  blank  between  the  ascending 
and  descending  numbers  of  a  series. 
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